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Perspectives 


Globalization, International Law, and 
Emerging Infectious Diseases 

David P. F idler, J .D. 

Indiana University School of Law, 

Bloomington, I ndiana, USA 


The global nature of the threat posed by new and reemerging infectious diseases will 
require international cooperation in identifying, controlling, and preventing these diseases. 
Because of this need for international cooperation, international law will certainly play a role 
in the global strategy for the control of emerging diseases. Recognizing this fact, the World 
Health Organization has already proposed revising the International Health Regulations. 
This article examines some basic problems that the global campaign against emerging 
infectious diseases might face in applying international law to facilitate international coop- 
eration. The international legal component of the global control strategy for these diseases 
needs careful attention because of problems inherent in international law, especially as it 
applies to emerging infections issues. 


The growing literature on new and reemerging 
infectious diseases often emphasizes the global 
n at u re of t hei r t h reat ; t he U . S . C enters f or D i sease 
Control and Prevention (CDC) defines these dis- 
eases as "diseases of infectious origin whose inci- 
dence in humans has increased within the past 
two decades or threatens to increase in the near 
future" (1). The World Health Organization has 
asserted that emerging infections "represent a 
global threat that will require a coordinated, 
global response" (2). The threat is global because 
a disease can emerge anywhere on the planet and 
spread quickly to other regions through trade and 
travel. The global challengeof emerging infections 
has serious consequences for national and inter- 
national law; a state's ability to deal with them is 
eroded because microbes do not respect interna- 
tionally recognized borders (3). Experts grappling 
with these diseases no longer consider that the 
pursuit of a strictly national public health policy 
is adequate. The need for global cooperation in- 
creases the importance of international law in the 
public health arena. Part of the effort to create a 
global response to emerging infections should be 
an understanding of the problems that may arise 
from relying on international law in dealing with 
these diseases. This article outlines issues that 
will have to be confronted in using international 
law to combat emerging infections. 

Address for correspondence: David P. Fidler.J .D., Indiana 
University School of Law, Third Street and I ndiana Avenue, 
Bloomington, I N 47405-1001 USA; fax: 812-855-0555; 
e-mail: davidfidler@aw.indiana.edu. 


Globalization 

The assertion that emerging infections are a 
global problem requiring a global strategy echoes 
observations made in other spheres of public pol- 
icy: the traditional distinctions between national 
and international political, social, and economic 
activities are losing their importance (4). Globali- 
zation is eroding traditional distinctions between 
domestic and foreign affairs. Globalization has 
been defined as the "process of denationalization 
of markets, laws, and politics in the sense of inter- 
lacing peoples and individuals for the sake of the 
common good" (5). Globalization is distinguished 
from internationalization, which is defined "as a 
means to enable nation-states to satisfy the na- 
tional interest in areas where they are incapable 
of doing so on their own" (5). I nternationalization 
involves cooperation between sovereign states, 
whereas globalization refers to a process that is 
undermining or eroding sovereignty. 

Globalization arises from the confluence of 
someth ingold and something new in international 
relations. It involves the very old process of politi- 
cal and economic intercourse among sovereign 
states. The new element is the intensification and 
expansion of such intercourse made possible by 
technological advances in travel, communications, 
and computers. Encouraging such intensification 
and expansion is liberal economic thinking, which 
posits that economic interdependence makes all 
states economi cal ly better off and bui Ids order and 
peace in the international system (6). 

The changes wrought by new technologies un- 
leashed in the receptive international milieu 
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created by I i beral trade and economi c pol icies have 
led to the belief that these developments are un- 
dermining sovereignty. Observers of international 
relations frequently note that governments no 
longer have control over economic forces at work 
within their countries. The speed and volume of 
international capital flows illustratethe denation- 
alization of economics occurring through the proc- 
ess of globalization (7). Another example is the 
development of the global company— an enter- 
prise that can no longer be considered national 
because of the global reach of its operations, fi- 
nancing options, markets, and strategies (7). The 
globalization of finance and business has ramifi- 
cations for politics and law as leaders and legal 
systems adapt to the global era (8). 

In public health, a similar combination of old 
and new factors can be seen. States have histori- 
cally cooperated on i nfecti ous di sease control , fi rst 
through international sanitary treaties and later 
through the World Health Organization (WHO) 
(9). While international cooperation is not new, 
current global circumstances confronting the con- 
trol of infectious disease are. Globalization is also 
at work in public health. The assertion that a 
country cannot tackle emerging infectious dis- 
eases by itself demonstrates that public health 
policy has been denationalized. 

Globalization has affected public health in 
three ways. First, the shrinking of the world by 
technology and economic interdependence allows 
diseases to spread globally at rapid speed. Two 
factors contributing to the global threat from 
emerging infections stem directly from globaliza- 
tion : the i ncrease i n i nternational travel (2, 10) and 
the increasingly global nature of food handling, 
processing, and sales (2, 10). HIV/AIDS, tubercu- 
losis, cholera, and malaria represent a few infec- 
tions that have spread to new regions through 
global travel and trade (10). The beneficial eco- 
nomic and political consequences of economic in- 
terdependence may have negative ramifications 
for disease control. In the European Union, for 
example, the free movement of goods, capital, and 
labor makes it more difficult for member states to 
protect domestic populations from diseases ac- 
quired in other countries (11). 

Second, the development of the global market 
has intensified economic competition and in- 
creased pressureon governments to reduce expen- 
ditures, including the funding of public health 
programs, leaving states increasingly unprepared 
to deal with emerging disease problems. 


I ndustrialized as well as developing countries con- 
front deteriorating public health infrastructures 
(12). Referring to the United States, one author 
descr i bed t h i s deter i or at i on as t he "t h i rd wor Idiza- 
tion" of the American health care system (13). 

Third, public health programs have also "gone 
global" through WHO and health-related nongov- 
ernmental organizations. Medical advances have 
spread across the planet, improving health world- 
wide. The worldwide eradication of smallpox in 
1977 is a famous example. The global reach of 
health care advances has, however, a darker side. 
The globalization of disease control has contrib- 
uted to the population crisis because people are 
living longer. Overpopulation creates fertile condi- 
tions for the spread of disease: overcrowding, lack 
of adequate sanitation, and overstretched public 
health infrastructures (2). Further, the wide- 
spread use and misuse of antibiotic treatments 
has contributed to the development of drug-resis- 
tant pathogens (1,2). Finally, the success of control 
efforts in previous decades caused interest in in- 
fectious diseases to wane in the international 
medical and scientific communities and is now 
hampering emerging infectious disease control ef- 
forts (14). 


International Solutions to Emerging Infections 

I nternational efforts are under way to respond 
tothethreat of emergi ng i nfecti ous diseases. WH O 
andCDC havedrafted action plans that stress the 
need to strengthen global surveillance of these 
diseases and to allow the international community 
to anticipate, recognize, control, and prevent them 
(1, 14, 15). WHO has also established a new unit 
to control and prevent emerging infections by mo- 
bilizing resources rapidly at the first signs of out- 
breaks (16). The Pan American Health 
Organization has also adopted a regional plan for 
controlling emerging infections in the Americas 
(17). Health authorities from Central American 
countries have adopted an emergency plan to con- 
trol the epidemics of dengue and dengue hemor- 
rhagic fever that recently swept through Central 
and South America (18). Physicians in the Euro- 
pean Union recognize the need for better surveil- 
lanceof infectious diseases (11). A U.S. government 
interagency working group has underlined the 
importanceof international cooperation indealing 
with the emerging infections threat (19).TheU.S. 
Senate Labor and Human Resources Committee 
held hearings in October 1995 on "Emerging In- 
fections: A Significant Threat to the Health of the 
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Nation" (20). At the Halifax Summit in 1995, the 
major industrialized countries adopted a pilot pro- 
ject called 'Toward a Global Health Network" de- 
signed to help governments deal with emerging 
infections and other health problems (19) (Table 
1). Clearly, the emerging infections threat and the 
need for action are on the international diplomatic 
and public health agendas. 

Although international control plans would in- 
volve private organizations like universities and 
nongovernmental organizations, the primary ac- 
tors on theemergi ng i nfections stagearesovereign 
states. The action plans are predominantly blue- 
pri nts for cooperation among states and represent 
a call for the internationalization of responses to 
a problem caused by globalization. Put another 
way, the proposed sol uti ons to the emergi ng i nfec- 
tions threat rely on the sovereign state, while the 
threat feeds off the impotence of the state in ad- 
dressing global disease problems. When it comes 
to public health activities, globalization erodes 
sovereignty, but the proposed solution makes sov- 
ereignty and its exercise critical to dealing with 
the threat of emerging infections. 

The consequences of the u navoidable emphasis 
on international cooperation in the proposed ac- 
ti on pi ans for emergi ng i nfecti ons are trou bl i ng. To 
achievethe desired objectives (Table 1), states will 

Table 1. Some common elements of global emerging-disease 
control plans 

Strengthen international surveillance networks to 
detect, control, and reduce emerging diseases. 

I mprove the international public health infrastruc- 
ture (e.g„ laboratories, research facilities, technology 
and communications links). 

Develop better international standards, guidelines, 
and recommendations. 

I mprove international capabilities to respond todis- 
ease outbreaks with adequate medical and scientific 
resources and expertise. 

Strengthen international research efforts on emerg- 
ing diseases, particularly with regards to antibiotic- 
resistant strains of diseases. 

Focus attention and resources on training and sup- 
porting medical and scientific expertise. 

Encourage national governments to improve their 
publ i c health caresystems, devote resou rces toel i mi nat- 
ingor controlling causes of emerging diseases and coor- 
dinate their public health activities with WHO and the 
international community. 

Sources: refs. 1, 14, 15, 19. 


have to agree on many issues and translate such 
agreement into guidelines or rules. I nternational 
law becomes important to the effort for emerging 
infections control . Political leaders, diplomats, and 
scholars have long recognized the weakness of 
international law in regulating state behavior. At 
first glance, the prospect of having to rely on a 
notoriously weak institution of international rela- 
tions as part of the global effort to combat emerg- 
ing infections is unsettling. 


International Law and Infectious Disease Control 

We might have been less unsettled if our expe- 
rience with international law in controlling infec- 
tious diseases had been more positive. The success 
of WHO in globalizing disease control programs 
might suggest that thedefects of international law 
have not hobbled its effectiveness in improving 
health care worldwide. However, despite having 
the authority to do so, WH 0 has been rel uctant to 
use international law (21, 22). The I nternational 
Health Regulations administered by WHO repre- 
sent the most important set of international legal 
rules rel ating to infectious disease control, but the 
regulations only apply to plague, yellow fever, and 
cholera (23). The importance of health is men- 
tioned in international declarations (for example, 
seethe Universal Declaration of Human Rights, 
art. 25 [1]) and treaties (for example, seethe I nter- 
national Covenant on Economic, Social and Cul- 
tural Rights, art. 12), leading some legal scholars 
to argue that international law creates a "right to 
health" (24); but this "right" does not directly ad- 
dress the control of infectious diseases. WHO has 
refrained from adopting rules on trade in human 
blood and organs, which does raise issues of infec- 
tious disease control as illustrated by the sale of 
HIV-contaminated blood in international com- 
merce (25). I ssues of disease control also appear in 
specialized treaty regimes outside WHO, such as 
treaties controlling marine pollution from ships 

(26) . Other areas of international public health 
law, for example, rules about infant formula and 
guidelines on pharmaceutical safety, do not deal 
with the control of infectious diseases (25). 

The effectiveness of existing international law 
on infectious disease control has been questioned. 
A 1975 WHO publication stated that the I nterna- 
tional Health Regulations have not functioned 
sat i sf actor i I y at t i mes of ser i ou s d i sease ou t br ea ks 

(27) . More recently, WHO’s efforts with the I nter- 
national Health Regulations have been called a 
failure, and noncompliance with these regulations 
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has increased in connection with reporting disease 
outbreaks (25). The H I V/AI Ds crisis dramatically 
illustrated the weaknesses of the health regula- 
tions. Since AIDs was not originally (or sub- 
sequently) made subject to the regulations, states 
had, and continue to have, no notification require- 
ments in connection with this new disease. Fur- 
ther, as HI V/AI Ds spread globally, many states 
adopted exclusionary policies that, according to 
experts, violated provisions of the health regula- 
tions (25). I n relation to one of the biggest disease 
crises of this century, parts of the International 
Health Regulations were irrelevant, and other 
parts were openly violated. 

WHO’s reluctance to apply international law 
has been attributed to its organizational culture, 
which is dominated by scientists, doctors, and 
medical experts. Perhaps the current weakness of 
international law on infectious disease control 
reflects WHO's nonlegal strategy rather than the 
inherent problems in international law itself. In 
connection with emerging infections, however, 
WHO is advocating an international legal strategy 
by recommending revision of the International 
Health Regulations (28). This recommendation 
suggests that WHO acknowledges the need for 
international legal agreement in dealing with 
emerging infections. The global threat posed by 
these infections represents in many ways a test 
case for international public health law. 

The Challenge to International Law 

The threat of emerging infectious diseases 
poses two chal lenges to i nternational I aw: f i rst, the 
emerging infections problem exacerbates basic 
weaknesses in the law. Second, these infections 
pose specific difficulties in the law, which are re- 
lated to the nature of disease and its prevention. 

Basic Weaknesses 

The effectiveness of international law depends 
on the consent of states, which means that sover- 
eignty and its exercise determi ne thefate of i nter- 
national legal rules (29). In adopting a legal 
strategy for its emerging infectious disease action 
plan, WHO has to convince its member states to 
take certain actions in response to disease emer- 
gence. The sovereignty of states looms large in 
formulating a global response to emerging 
infections, despite the fact that the process of 
globalization undermines the sovereignty of the 
state to deal nationally with these infections. I n 
other words, the problem by-passes the state, but 


the solution has to rely on the state through the 
medium of international law. The central impor- 
tance of the state and its sovereignty constitutes 
a basic weakness in international law because 
international legal rules tend to reflect the com- 
promises necessary to achieve agreement and the 
unwi II i ngness of states to restrict thei r freedom of 
action through international law. Part of the rea- 
son that the existing International Health Regu- 
lations cover only a few diseases might be the 
unwillingness of WHO member states to commit 
to more serious infectious disease control meas- 
ures. The vagueness and lack of specificity in the 
so-called "right to health"alsoillustratethis prob- 
lem. What is scientifically and medically neces- 
sary to combat emergi ng diseases may not be what 
states are wi 1 1 i ng to agree to u ndertake. 

A second basic weakness follows from the "sov- 
ereignty problem"— the lack of effective 
enforcement of international law. States often 
agree to an international legal obligation without 
any serious intent of fulfilling it. The alleged fail- 
ure of the I nternational Health Regulations may 
be due to the failure of WHO member states to 
fulfill the duties they accepted. Neither the regu- 
lations nor WHO has any power to enforce compli- 
ance (25). An international legal regime on 
emerging diseases would also face this enforce- 
ment problem. 

Specific Difficulties 

The very nature of the emerging disease threat 
poses special difficulties for international law.The 
global scope of the problem necessitates agree- 
ment by most states to control emergi ng diseases. 
If any major country or groupof countries does not 
participate, a gap in the global surveillance and 
control network threatens theefficacy of theenti re 
effort. The negotiation of agreements involving 
many states is usually difficult, because each state 
knows that its nonpartici pation threatens the suc- 
cess of the entire venture. This problem has oc- 
curred in international environmental law, where 
global regimes have been needed to deal ade- 
quately with envi ron mental threats, such as ozone 
depletion. 

A second specific difficulty arises from the ex- 
tent of medical and scientific resources needed to 
establish an effective global surveillance and 
control network for emerging diseases. Funda- 
mental aspects of the proposed action plans in- 
volve improving surveillance networks, public 
health infrastructures, scientific research, and 
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medical and scientific training (Table 1). Some 
states, particularly in the developing world, do not 
have the medical, scientific, and financial re- 
sources to undertake such measures. Unless more 
affluent countries provide the resources, develop- 
ing states may use the inequity of wealth in the 
international system as an argument to compli- 
cate negotiating a global agreement. The so-called 
"North-South problem" has made the negotiation 
of international environmental agreements more 
difficult, as developing countries have bargained 
for more lenient treatment or a transfer of re- 
sources from affluent countries to help them im- 
prove environmental protection. A similar 
dynamic may appear in any negotiations for a 
global emerging disease effort. The U.S. inter- 
agency working group on emerging diseases has 
observed that major U.S. contributions to develop- 
ing countries for emerging disease control pur- 
poses "is not a likely prospect during this period of 
deficit reduction and downsizing" (19), which sug- 
gests that resource avail ability will probably com- 
plicate international efforts in this area. 

The problems associated with using interna- 
tional law in a global strategy to combat emerging 
diseases raise the question whether international 
law can provide an adequate foundation for the 
control of these diseases. The uncomfortable posi- 
ti on of havi ng nochoice but to rely on i nternational 
law when its weaknesses are substantial high- 
lights the importance of thinking through the in- 
ternational legal aspects of a global emerging 
disease plan carefully. 


WHO’s Proposed Legal Strategy 

WH 0 wants to revise the I nternational H ealth 
Regulations as part of its global emerging disease 
strategy (28). WH O’s proposal deserves some criti- 
cal attention. It is not clear that the organization 
has adequate authority to i ncorporate comprehen- 
siveemergingdiseasecontrol measures within the 
international regulations. Under Article 21 of the 
WHO Constitution, the World Health Assembly 
can adopt binding regulations in sanitary and 
quarantine requirements and other procedures to 
prevent the international spread of disease (22). 
The World H ealth Assembly adopted the I nterna- 
tional Health Regulations under Article21. While 
Article 21 and the regulations are relevant to 
emerging disease control efforts, it is doubtful 
whether the regulations can serve as a foundation 
for a comprehensive emerging disease control 
plan. The disease-outbreak notification 


requirements in the regulations could be ex- 
panded to include more diseases, but nothing in 
Article 21 gives the World Health Assembly the 
authority to require WHO member states to 
strengthen public health infrastructures, which is 
consi dered critical i n the emergi ng disease acti ons 
plans proposed to date (Table 1). It has been ar- 
gued that attempting to address such infrastruc- 
ture problems "is a solution which cannot be 
obtained by an international instrument but only 
by the i mprovement of the health conditions of the 
peoples of WHO’s member states" (30). But, as the 
history of administering the I nternational Health 
Regulations has shown, notification requirements 
have not worked satisfactorily and are weakened 
by the absence of adequate public health re- 
sources. F urther, Article 22 of the WH O Constitu- 
tion makes regulations promulgated under Article 
21 automatically binding on WHO member states, 
except for member states that reject such regula- 
tions or make reservations thereto (31). Article 22 
relates to the sovereignty problem and may deter 
WHO member states from agreeing to serious 
revisions of the regulations. Analysis of the regu- 
lations may question the wisdom of using the 
regulations as the legal basis for dealing with 
emerging diseases. 

The World Health Assembly has the power to 
adopt conventions or agreements within WHO’s 
competence (21). The Assembly could use this 
authority to address aspects of the global emerg- 
ing disease control strategy that cannot be han- 
dled with a revision of the regulations. However, 
parceling up emerging disease control measures 
between the International Health Regulations 
and separate agreements wou I d be I egal I y compl i - 
cated. Further, WHO has not used this power to 
adopt conventions or agreements, which explains 
its unwillingness to explore all legal options open 
to it. 


Possible Alternative Legal Strategies 

Alternative legal strategies to revising the I n- 
ternational Health Regulations range from reli- 
ance on the development of customary 
international law to the adoption of multilateral 
treaties specifically on emerging-disease control 
(Table 2). An issue related to these alternative 
approaches is the substantive nature of the obli- 
gations contained in legal documents. We have to 
ask not only how states might agree on control 
rules but also what these states might agreetodo. 
The proposed revision of the regulations 
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Table 2. Alternative international legal strategies to revising the International Health Regulations 


Alternative legal strategies Possible advantages 


Possible disadvantages 


1. WH A incorporates emerging 

disease control as part of the 
proposed World Health Charter 
scheduled for initial negotiations 
in 1997 

2. WH A adopts an emerging 
disease-specific convention under 
Article 19 of the WHO Constitutio 


I ntegrates emergi ng disease control 
measures into the overall WHO 
approach to international health 
issues 


a. Avoids IHR model 

b. H as potential to set out 
comprehensive global approach 
to emergi ng di seases 


3. States negotiate a framework 
multilateral treaty on general 
emerging disease obligations, 
accompanied by disease-specific or 
region-specific protocols containing 
detailed and specific commitments 
on emerging disease control 


4. Encourage regional arrangements 
and integrate them into global 
regi me over ti me 


a. Takes emerging disease control 
out of WH O, el i mi nati ng 
problem of WHO's reluctance to 
use international law 

b. All ows for new protocol s to be 
adopted for new diseases 

c. Framework-protocol approach 

has been used with some success 
in international environmental 
law on ozone depletion 

a. Builds on strong regional systems 
of cooperation and coordination 

b. Offers "legal laboratories" to try 
various approaches to emerging 
disease control 

c. Avoids diplomatic headaches 
involved in trying to negotiate 
truly global legal regimes 


5. Encouragea bilateral approach in 
which individual countries 
negotiate detailed and specific 
commitments on emerging 
diseases and perhaps condition 
trade benefits and aid on emerging 
disease performance 


a. Gives states flexibility in 
constructing legal obligations 

b. Permits possibility for sanctions 
for failure to live up toemerging 
disease obligations 


6. Incorporate emerging disease 
control as part of international 
"right to health," making emerging 
diseases a human rights issue 


a. Links emerging disease control 
with larger, powerful concepts of 
human welfare 

b. Builds on existing international 
law on the "right to health" 


7. Rely on customary international 
I aw to devel op emergi ng 
disease-control norms 


Customary international norms on 
emerging disease control would be 
binding on all states except persistent 
objectors 


a. Emerging disease control would 
not be primary focus 

b. World Health Charter is likely to 

be more aspi rational than 
obligatory 

a. WH A has no experience with 
using Article 19 

b. Large multinational treaties tend 

to contain general obligations 
rather than specific duties 

a. WHO has to pi ay central rolein 
any emerging disease plan 

b. Framework-protocol approach 
might not be appropriate model 
for emerging disease control 
because the emerging disease 
problem differs from ozone 
depletion 


a. Emerging diseases require a 
global approach not just a 
regional approach 

b. Amounts to emerging disease 
control for rich regions, leaving 
many developing countries 
outside legal regime 

c. Risks inconsistencies in how 
emerging diseases are handled 

by different regions 

a. Does not address global nature of 
emergi ng di sease probl em 

b. Sanctions element is unrealistic 
and might be unfair to devel- 
oping countries lacking 

the resources necessary to 
implement adequate emerging 
disease control measures 

a. International "right to health" has 
no definitive meaning or scope 
and thus is a bad foundation for 
emergi ng di sease control 

b. Human rights are inherently 

divisive in the international 
system; linkage with such a 
controversial area would hurt 
emergi ng di sease control 
prospects 

a. It will benearly impossibleto 
develop general and uniform state 
practice recognized by states as 
legally binding in the emerging 
disease-control area 

b. Any customary norms that might 
form will probably be vague and 
hard to identify definitively 

c. Customary norms can take a very 
long time to devel op 


WHA =World Health Assembly; WHO =World Health Organization; IHR = International Health Regulations. 
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apparently would only apply the notification du- 
ties (currently found in the regulations) to more 
diseases. As indicated earlier, WHO cannot ad- 
dress in its revision of the regulations any of the 
improvements in public health infrastructures, 
surveillance networks, scientific research, or 
medical and scientific training at the heart of 
proposed emerging disease action plans. Further, 
it is not clear whether WHO intends tosupplement 
expanded notification duties with any mechanism 
to monitor or enforce such duties. 

International environmental law had to over- 
come some of the same obstacles encountered by 
WHO’s international legal effort for emerging dis- 
ease control. States realized that they could not 
handle global environmental problems without 
international cooperation and rules (32). Further, 
states knew that addressing environmental con- 
cerns would require changes for governments and 
companies within states and that developing 
states might have financial and technological dif- 
ficulties implementing international agreements 
(32). In developing international environmental 
law, states, international organizations, and 
nongovernmental organizations did not rely on old 
approaches but instead crafted new international 
legal rules to deal with the global nature of the 
threats posed, the resource issue, and compliance 
and enforcement problems (33). Whether interna- 
tional environmental law has been successful is 
controversial; but it is important that states have 
not been willing to admit that improving environ- 
mental conditions within states is a solution that 
cannot be obtained by international agreements. 
Models and precedents from international envi- 
ronmental I aw are not in all respects helpfultothe 
challenge of emerging-disease control; but, at the 
very least, those grappling with an international 
strategy for the emerging-disease threat could 
analyze international environmental law and 
other innovative legal responses to globalization 
to look for ways of making WHO’s international 
legal strategy on emergi ng diseases as effective as 
possible. 

Those currently designing global emerging- 
disease control strategies will eventually have to 
translate what is scientifically and medically 
needed tocombat these diseases into international 
agreement and cooperation through international 
I aw. The movement from sci ence and medici ne i nto 
the realm of international law will not be easy. 
Relying on the International Health Regulations 
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as the centerpiece of international law on emerg- 
ing-disease control may not be the most effective 
international legal strategy. Whatever interna- 
tional legal approach iseventuallytaken will have 
to confront somehow a fundamental paradox: glo- 
balization jeopardizes disease control nationally 
by eroding sovereignty, while the need for interna- 
tional solutions allows sovereignty to frustrate 
disease control international ly.Thecombi nation of 
the process of globalization and the unavoidable 
need to rely on international law produces a most 
unattractive medium in which to wage potentially 
one of the most important medical and scientific 
endeavors in history. 
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On Epidemiology and Geographic Information Systems: 
A Review and Discussion of Future Directions 

Keith C. Clarke, Ph.D., Sara L. McLafferty, Ph.D,. and Barbara J . Tempalski 

Hunter College-CUNY, New York, New York, USA 

Geographic information systems are powerful automated systems for the capture, stor- 
age, retrieval, analysis, and display of spatial data. While the systems have been in 
development for more than 20 years, recent software has made them substantially easierto 
use for those outside the field. The systems offer new and expanding opportunities for 
epidemiology because they allow an informed user to choose between options when 
geographic distributions are part of the problem. Even when used minimally, these systems 
allow a spatial perspective on disease. Used to their optimum level, as tools for analysis and 
decision making, they are indeed a new information managementvehicle with a rich potential 


for public health and epidemiology. 

Geographic information systems (GIS) are 
"automated systems for the capture, storage, re- 
trieval, analysis, and display of spatial data" (1). 
Common to all GIS is a realization that spatial 
data are unique because their records can be 
linked to a geographic map. The component parts 
of a GIS include not just a database, but also 
spatial or map information and some mechanism 
to I i nk them together. Gl S has also been descri bed 
as the technology side of a new discipline, geo- 
graphic information science (2), which in turn is 
defined as "research on the generic issues that 
surround the use of GIS technology, impede its 
successful implementation, or emerge from an un- 
derstanding of its potential capabilities. "Recently, 
GIS has emerged as an innovative and important 
component of many projects in public health and 
epidemiology, andthisdisciplinary crossover isthe 
focus of this review. 

Few would argue that GIS has I ittleto offer the 
health sciences. On the other hand, I ike other new 
technologies, GIS involves concepts and analytic 
techniques that can appear confusing and can lead 
to misunderstanding or even overselling of the 
technology. I n this article, we attempt to bridgethe 
gaps between the principles of geographic infor- 
mation science, the technology of GIS, the disci- 
pline of geography, and the health sciences. Our 
intent is to introduce to the epidemiologist a set of 
methods that challenge the "visual" half of the 
scientist's brain. 
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Computers were first applied to geography as 
analytical and display tools during the 1960s (3). 
GIS emerged as a multidisciplinary field during 
the 1970s. The discipline's heritage lies in cartog- 
raphy's mathematical roots: in urban planning's 
map overlay methods for selecting regions and 
locations based on multiple factors (4); in the im- 
pact of the quantitative revolution on the disci- 
pline of geography; and in database management 
developments in computer science. 

Several factors combined in the 1970s to rein- 
force GIS development. First, computers became 
more accessible and less costly. Second, main- 
frame computers gave way to minicomputers and 
then workstations, which gave great power to the 
user and i nd uded the access to networks that has 
led to its own revolution in technology. Third, the 
types of user interface required to operate techni- 
cal software changed from batch, command-line, 
and remote access to windowing systems and 
"point and click" graphic interaction. What had 
been expensive, slow, and difficult has rapidly be- 
come i nexpensi ve, fast, and easy to use. A fi nal but 
essential precondition to GIS development was 
the broad avai I abi I i ty of pu bl i c domai n di gital map 
data, i n theform of maps of the I andscapefrom the 
U.S. Geol ogic Survey and for census areas from the 
U.S. Census Bureau. The current Gl S World Sour- 
cebook (5) lists hundreds of system suppliers and 
sources of information and catalogs system capa- 
bilities. I n short, GIS has now come of age, to the 
extent that the contributions of a growing number 
of parallel disciplines have both influenced and 
been influenced by GIS. Other disciplines now 
affecting GIS include forestry, transportation 
planning, emergency services delivery, natural 
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hazards planning, marketing, archeology, survey- 
ing, and criminal justice. A wide array of capabili- 
ties and information awaits the health scientist 
ready to pursue an interest in GIS. 

I n this article, we consider the functional capa- 
bilities of GIS and how they can relate to 
epidemiology. We then review studies in 
epidemiology and health science where GIS has 
already made a contribution and introduce the 
technologic and analytic background. We review 
spatial analytic methods and concepts of use in 
epidemiology and cond ude by exami ni ng what the 
near future holds for technologic changes and 
what these changes mean for the study of emerg- 
ing infectious diseases and other health applica- 
tions. 


GIS Functional Capabilities 

GIS definitions usually focus on what tasks a 
Gl S can do rather that what it is. Gl S functional 
capabilities follow the standard GIS definitions; 
therefore, GIS can bring together the elements 
necessary for problem solving and analysis. 

Data capture implies that 1) data can be input 
intotheGI Sfrom existing external digital sources; 
this is particularly the case when no data exist for 
a project, and the base data must be assembled 
from other studies, public domain datasets, and 
images. This usually means that Gl S must be able 
to import the most common data formats both for 
image-type (raster) and line-type (vector) maps. 
2) GIS can capture new map data directly; this 
means either that the user can scan the map and 
input it intotheGI S or trace over a map's features 
using a digitizing tablet and enter them into the 
GIS map database. 3) The GIS can accomplish 
everything that a regular database system can, 
such as enter and edit data and update informa- 
tion in the existing database. 

Data storage implies storage of both map and 
attribute data. Attribute data are usually stored 
in a relational database management system con- 
tained within the Gl S and accessed by a spread- 
sheet or query-driven user interface. For storage, 
map data must be encoded into a set of numbers 
so that the geometry of the map is available for 
query, but also so that the map is stored digitally 
in oneor morefiles. I mage maps are usually stored 
as gridded arrays. Line maps are encoded by any 
one of several systems, but usually by using both 
the coordinate information and encoded topology, 
sothat the rel ationshi ps between poi nts, I i nes, and 
areas, such as the adjacency of regions or the 


connectedness of lines, areknown in advance.The 
more efficient and flexible these data formats or 
structures, the more operations can be performed 
on the map data without further processing. 

Data records in Gl S can be retrieved in one of 
twoways.Therelational database manager allows 
searchi ng, reorderi ng, and selecti ng on the basis of 
a feature's attributes and their values. For exam- 
ple, the user may wish to select out and order 
alphabetically the names of all health clinics that 
had positive results in more than 10% of their 
tests. GIS also allows spatial retrieval. The user 
could select all clinics by region, by their latitude, 
or by their distance from the capital. The user 
could also select all clinics that are more than 10 
km from a major road and within 100 m of a river 
or lake. I n addition, combining searches is possi- 
ble. There could be several data "layers, "for exam- 
ple vegetation, rivers, transportation, and 
popu I ati on of vi 1 1 ages. A si ngl e retrieval cou I d com- 
bi ne data from each of these layers in a single 
query. Layers can also be weighted, sothat rivers, 
for example, are twice as important as roads in 
selecting villages with a population under 500 
surrounded by forest. 

Display functions include predominantly the 
making of maps. Tools must exist for constructing 
many types of maps, such as contours, symbols, 
shading or choropleth, and sized symbols. Formal 
map display often follows a series of more tempo- 
rary map images, usually without a strict map 
composition, and the result of a test, an analysis, 
or a query. In addition, the GIS must be able to 
output finished format of maps to a medium, such 
as PostScript, on a plotter or printer, or onto pho- 
tographic film. 

Many tool s exi st to su pport f i el d data col I ecti on . 
Tasks in which ancillary demographic information 
needs to be input and coregistered are simple. 
Habitat associated with a vector (e.g., a snail or a 
mosqu ito) may need remotel y sensed data, such as 
vegetation cover or weather data. I f these data are 
georegistered, integration is possible. One of the 
most useful functions is called address matching, 
in which street addresses with house numbers and 
street names are automatically placed into an 
administrative unit or placed as a dot on the map. 
Thus a digital phone list or mailing list of patients 
can be merged with the remainder of the data. I n 
the United States, the Census Bureau's TIGER 
files can usually match 70% to 80% of unedited 
address records, and higher percentages if the 
address files are proofed and/or the more detailed 
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and up-to-date commercial street files are used. I n 
some field projects, the Gl Stability to make maps 
became the mainstay of the effort, allowing plan- 
ning of truck and jeep routes, sequencing field 
clinics for optimal routes for visits, and even for 
local navigati on. The abi I ity to displ ay maps often 
goes far beyond thei r fi nal or use i n the I aboratory. 
Often a Gl S image map is more accurate and up 
to date than anything available locally. 

Existing Applications of GIS in Epidemiology 

Epidemiologists have traditionally used maps 
when analyzing associations between location, en- 
vironment, and disease (6). Gl S is particularly well 
suited for studying these associations because of 
its spatial analysis and display capabilities. Re- 
cently GIS has been used in the surveillance and 
monitoring of vector-borne diseases (7-9) water 
borne diseases (10), in environmental health (11- 
13), modeling exposure to electromagnetic fields 

(14) , quantifying lead hazards in a neighborhood 

(15) , predicting child pedestrian injuries (12), and 
the analysis of disease policy and planning (16). 

In a recent study in Baltimore County, Mary- 
land, GIS and epidemiologic methods were com- 
bined to identify and locate environmental risk 
factors associated with Lymedisease (7). Ecologic 
data such as watershed, I and use, soi I type, geol ogy, 
and forest distribution were collected at the resi- 
dences of Lyme disease patients and compared 
with data collected at a randomly selected set of 
addresses. A risk model was generated combining 
both Gl S and logistic regression analysis to locate 
areas where Lyme disease is most likely to occur. 

GIS allows analysis of data generated by global 
positioning systems (GPS). Combined with data 
from surveillance and management activities, GIS 
and GPS provide a powerful tool for the analysis 
and displ ay of areas of high disease prevalenceand 
the monitori ng of ongoi ng control efforts. The mar- 
rying of GIS and GPS enhances the quality of 
spatial and nonspatial data for analysis and deci- 
sion making by providing an integrated approach 
to disease control and surveillance at the local, 
regional, and/or national level. 

GIS is being used to identify locations of high 
prevalenceand monitor intervention and control 
programs i n areas of G u atema I a for onchocerci asi s 
(9) and in Africa for trypanosomiasis (17). Spatial 
and ecologic data arecombined with epidemiologic 
data to enable analysis of variables that play 
important roles in disease transmission. This in- 
tegration of data is essential for health policy 


planning, decision making, and ongoing surveil- 
lance efforts. For example, as part of the guinea 
worm eradication effort, the U nited N ation’s Chil- 
dren's Emergency Fund placed pumps in villages 
most i nfected with the disease to ensure access to 
a safe water supply (18). Gl S enabled researchers 
to locate high prevalence areas and populations at 
risk, identify areas in need of resources, and make 
decisions on resource allocation (16). Epidemiologic 
data showed a marked reduction in prevalence in 
villages where pumps were introduced. 

GIS was used in designing a national surveil- 
lance system for the monitoring and control of 
malaria in Israel (19). The system included data 
on the locations of breeding sites of Anopheles 
mosquitoes, imported malaria cases, and popula- 
tion centers. The GIS-based surveillance system 
provided means for administrative collaboration 
and a network to mobilize localities in the case of 
outbreaks. 

In 1985, the National Aeronautics and Space 
Administration (NASA) established the Global 
Monitoring and Disease Prediction Program at 
Ames Research Center in response to the World 
Health Organization’s call for the development of 
innovative solutions to malaria surveillance and 
control (20). A major aspect of the program was to 
identify environmental factors that affect the pat- 
terns of disease risk and transmission. Theoveral I 
goal of the program was to develop predictive 
models of vector population dynamics and disease 
transmission risk using remotely sensed data and 
GIS technologies. 

Remotely sensed data have been used in many 
vector disease studies (8,17,21-24). Remote sens- 
ing and Gl S were used to identify villages at high 
risk for malaria transmission in the southern area 
of Chiapas, Mexico (8). An earth environmental 
analysis system for responding to fascioliasis on 
Red River Basin farms in Louisiana was developed 
by integrating LANDSAT MSS imagery with GIS 
(22). I n Kwara State, Nigeria, a temporal analysis 
of Landsat Thematic Mapper (TM) satellite data 
was used to test the significance of the guinea 
worm eradication program based on changes in 
agricultural production (21). 

Spatial Analysis and GIS 

Gl S applications show the power and potential 
of such systems for addressing important health 
issues at the international, national, and local 
levels. M uch of that power stems from the systems' 
spatial analysis capabilities, which allow users to 
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examine and display health data in new and 
highly effective ways. Spatial analysis referstothe 
"ability to manipulate spatial data into different 
forms and extract additional meaning as a result" 
(25). 1 1 encompasses the many methods and pro- 
cedures, developed in geography, statistics, and 
other disciplines, for analyzing and relating spa- 
tial information. Spatial relationships, those 
based on proximity and relative location, form the 
core of spatial analysis. 

Gatrell and Bailey (26) describe three general 
types of spatial analysis tasks: visualization, ex- 
ploratory data analysis, and model building.These 
range in complexity from simple map overlay op- 
erationstostatistical modelssuch as spatial inter- 
action and diffusion models. The value of maps for 
public health analysis has long been recognized; 
J ohn Snow’s now classic maps of cholera cases in 
relation to the Broad Street pump are a good 
example. However, with its extensive data man- 
agement and display capabilities, Gl S offers much 
more than simple mapping. Map overlay opera- 
tions allow the analyst to compute new values for 
locations based on multi pleattributes or data "lay- 
ers"andtoidentify and display locationsthat meet 
specific criteria (27). For example, in targeting 
locations for mosquito vector control, one might 
want to identify areas that have low elevation, 
specifictypes of vegetation favored by mosquitoes, 
and are within 100 m of ponds or other water 
bodies. Each of these attributes comprises a dis- 
tinct data layer. With GIS, one can create 100-m 
buffers around water bodies and then select areas 
meeting all three criteria. Display of these areas 
on a Gl S-generated map has obvious benefits for 
planning vector control strategies. 

As indicated previously, this general class of 
procedures for weighing and overlaying maps, also 
known as "suitability analysis," has been used in 
diverse health applications. Typically the criteria 
and weights attached to them are specified by the 
analyst based on expert knowledge or prior re- 
search. Using the computational and visual dis- 
play capabilities of GIS, one can then explore the 
sensitivity of results to the weights and cutoff 
val ues used .Another approach i s toempl oy regres- 
sion analysis to generate the linear combination 
of factors that best explain spatial variation in 
disease prevalence. The weights from the 
regression model are used to create a composite 
index of risk which can then be mapped (7). 

Visualization is also an important tool for show- 
ing the change in disease patterns over time. 


Animation, embedded within a GIS, is highly ef- 
fective in depicting the spread or retreat of disease 
over space and time. A series of animated maps 
were created to show the advance of the Al DS 
epidemic in the United States as it moved from 
and within major cities (28). One could imagine a 
similar animated map sequence showing the re- 
treat and eventual eradication of a disease like 
smallpox. Clearly much more research is needed 
in this area, especially research that links anima- 
tion to theoretical models of disease diffusion, 
within a GIS environment. 

Visualization can be used in novel ways to ex- 
plorethe results of traditional statistical analysis. 
Displaying the locations of outlier and influential 
values on maps and showing variation in values 
over space can add a great deal to epidemiologic 
research. Although such tools are being developed 
and explored, they would benefit greatly from a 
closer and more seamless link between statistical 
packages and GIS (25). 

The second general class of GIS methods ad- 
dresses exploratory spatial analysis. These meth- 
ods allow the analyst to sift meaningfully through 
spatial data, identify "unusual" spatial patterns, 
and formul ate hypotheses toguidefuture research 
(26). The quantity and diversity of spatial data in 
GIS can be overwhelming: exploratory methods 
help the analyst make sense of data and address 
"what if" questions. Advances in computing and 
graphics technology have made this one of the 
most active areas i n Gl S/spatial analysis research. 

Among the most important exploratory meth- 
ods for epidemiology and public health are meth- 
ods for identifying space-time clusters or "hot 
spots" of disease. Openshaw’s geographic analysis 
machi ne (GAM ) was an early method that worked 
completely within a hybrid GIS. The GAM's many 
applications included an attempt to determine if 
spatial clusters of childhood leukemia were lo- 
cated near nuclear facilities in Britain (29). The 
GAM works with point data on disease cases and 
searches at regular intervals for statistically sig- 
nificant clusters of disease prevalence. Maps dis- 
play the locations of significant clusters, showing 
the proximity of clusters to hypothesized 
environmental threats such as nuclear facilities. 
Although Openshaw’s work was widely criticized 
on statistical grounds, it opened the door for an 
active body of research on exploratory spatial 
analysis of disease. Some of the new methods that 
have been developed as outgrowths of Openshaw's 
approach have been published (30). 
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Exploratory methods are also valuable in 
searching for zones or districts of high disease 
prevalence. Because areas may differ greatly in 
population size, prevalence rates have different 
levels of variability and thus reliability (31). Re- 
searchers have long used probability mapping to 
show the statistical significance of prevalence 
rates (32); however, probability mapping does not 
give a sense of the actual rates or the populations 
on which they are based. An alternative method is 
to smooth rates towards a regional or local mean 
value using empirical Bayes methods (33). Al- 
though GIS and empirical Bayes methods have 
developed separately, there is much scope for in- 
teraction. For example, Gl S can be used to gener- 
ate geographically based regional or local means 
to which actual rates are smoothed. These might 
be based on averaging rates for contiguous areas 
(33,34); or they might rely on more complex, mul- 
tivariate, spatial clustering procedures that incor- 
porate proximity as well as population attributes. 

Many methods for exploratory analysis of dis- 
ease patterns are not appropriate for infectious 
diseases because the methods are essentially 
static and assume independence. For infectious 
diseases, cases clearly are not i ndependent and the 
diseases move through time and space. I n these 
situations, one can use spatial autocorrelation 
methods and space-time correlograms to explore 
the spatial and temporal patterns of infectious 
disease spread (35). 

These methods provide a general sense of the 
speed and geographic pattern of disease transmis- 
sion. Although the methods have not typically 
been incorporated in Gl S, there is great potential 
for doing so, especially with recent advances in 
computer animation. 

Modeling, the final class of spatial analysis 
methods, includes procedures for testing hypothe- 
ses about the causes of disease and the nature and 
processes of disease transmission. In general, 
modeling involves the integration of GIS with 
standard statistical and epidemiologic methods. 
GIS can assist in generating data for input to 
epidemiologic models, displaying the results of 
statistical analysis, and modeling processes that 
occur over space. The first two points are evident 
in recent, regression-based analyses of disease 
risk, such as the study of Lyme disease (7). There 
GIS was used not only to integrate diverse 
datasets and cal cu I ate new vari ables, such as si ope 
and distance from forest, but also to map 
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geographic variation in disease risk, as predicted 
from a logistic regression model. 

Other GIS models are more explicitly spatial, 
expressing relationships or flows between people 
and places. Spatial interaction and spatial diffu- 
sion models are of particular relevance to the 
study of emerging diseases. Spatial interaction 
models analyze and predict the movements of 
people, information, and goods from placeto place 
(36). The flows of people between rural areas, 
villages, cities, and countries are all forms of spa- 
tial interaction that are central to disease trans- 
mission. By accurately modeling these flows, it is 
possible to identify areas most at risk for disease 
transmission and thus target intervention efforts. 
Spatial interaction models reflect two general 
principles: that interaction decreases with dis- 
tance and increases with population size or "at- 
tractiveness." Given actual flow data, one can 
estimate values that show the effects of distance 
and population size (or other "attractiveness" fac- 
tors) on interaction. The models can then be used 
to predict spatial interaction patterns elsewhere. 
Although spatial interaction models and GIS de- 
veloped separately, some GIS now have spatial 
interaction modeling capabilities (37). 

Spatial diffusion models analyze and predict 
the spread of phenomena over space and ti me and 
have been widely used in understanding spatial 
diffusion of disease (38). Such models are quite 
similar to spatial interaction models except that 
they have an explicit temporal dimension. By in- 
corporating time and space, along with basic 
epidemiologic concepts, the models can predict 
how diseases spread, spatially and temporally, 
from infected to susceptible people in an area (39) 
and aid in understanding the emergence of infec- 
tious disease (40). 


Data 

I mportant technical and logistic innovations in 
data and data access for Gl S are under way and 
will come to fruition beforetheend of the century. 
First, and by far the most important, have been 
increased access to the Defense Department's 
global positioning systems (GPS), the availability 
of inexpensive hand-held devices for using the 
system, and the addition of direct-to-GI S data 
links to these systems. For a relatively modest 
investment, field users can add geographic coordi- 
nates to thei r data col lecti on from anywhere i n the 
world, at any time, and in any weather. These 
systems are so flexible that their antennas can be 
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placed on top of a car, and the logger can be 
connected to a portable computer on the dash- 
board, so that as the user drives along, the path of 
the vehicle is permanently recorded in the GIS's 
own data format and displayed on screen with a 
1-s update. As these systems have become more 
common, they have also gained in precision and 
accuracy. It is not uncommon for fixes to be cor- 
rected using a process known as differential GPS, 
either after thefact by computer softwareor i n real 
time, so that each point is recorded to the nearest 
meter on the ground. GPS and Gl S together have 
permanently altered the relationship between 
field data collection and data analysis. Data col- 
lected in real time can be analyzed the same day 
and acted upon immediately. 

Similarly, various devices used for capturing 
overhead images and photographs have under- 
gone a similar revolution. First, technology has 
improved, allowing images in the infrared, ther- 
mal, radar and other wavelengths to be collected 
at higher and higher spatial resolutions. Second, 
massive changes in policy have resulted from the 
end of the Cold War. Formerly secret satellitedata, 
such as the CORONA and Russian spy imagery, 
are now broadly available, even searchable on the 
Internet. In the United States, the National Air 
P hoto program i ntends to remap thecou ntry every 
5 years at a scale of 1:12,000 with 1-m resolution 
and publish the images as CD-ROMs. I n addition, 
NASA’s largest ever Mission to Planet Earth and 
its Earth Observation System will begin to return 
unimaginable amounts of information about the 
whole earth's geography and atmosphere well be- 
fore the end of the century. The data will be avail- 
able to any I nternet user and distributed by a set 
of active archive centers. 

Third, technical issues related to data transfer 
have been partially eliminated. This has come 
about by the convergence toward sets of industry 
standard formats such as GIF andTIF for images 
and new national and international digital map 
data standards. I n addition, efforts are now under 
way to standardize reference information about 
datasets, termed metadata, so that the equivalent 
of a Library of Congress cataloging will be possi- 
ble. 

Finally, many datasets have become available 
that can form at least the skeleton of a new Gl S 
project almost anywhere in the world. By combin- 
ing public domain datasets, such as the Digital 
Chart of the World and satellite imagery, with GPS 
and field data, the claim that data collection and 
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changes i n format constitute 80% of the effort i n a 
GIS project is rapidly being eroded and replaced 
by a mere morning spent surfing the Internet. 
Nevertheless, many of the world's nations are still 
poorly mapped at the more detailed spatial scales 
required for local analysis. 

Hardware 

Gl S hardware has conti nued to i mprove. On the 
high end, workstations have both increased in 
power and dropped in price, making this platform 
the choi cefor large, laboratory-based Gl S projects. 
As the Gl S software packages have been modified 
for the workstation operating systems, most com- 
monly UNIX with X-Windows, operations that 
were impossible because of computational com- 
pl exi ty have now become common pi ace. This trend 
will continue to the extent that few technical con- 
straints like memory and central processing unit 
(CPU) power will exist for GIS. Some tasks, such 
as ski I led visual i mage identification and i nterpre- 
tation, have been partly or wholly automated. On 
the low end, microcomputers have become im- 
mensely powerful and fast, easily capable of per- 
forming basic GIS operations even on portable 
computers. The theme of GIS mobility, added to 
satellite and cellular telephone communications, 
has permanently transformed the ability to oper- 
ate with Gl S in the field, and will lead to a new 
"data rich"era for epidemiologic study. 

I n addition, the next generation of systems wi 1 1 
depend on network computing. Networks have 
allowed de facto parallel computing within a local 
area network. By supporting personal multitask- 
ing, they have allowed data tobeheld in adistrib- 
uted way and retrieved for use on demand, and the 
network has built an immensely powerful support 
structurefor information shari ng.The World-Wide 
Web, for example, can deliver to a workstation- 
user free GIS software, data, and information on 
how to install and use the system, support for 
technical problems, and even an outlet to publish 
scientific results. 


Software 

GIS software has improved remarkably in the 
latest generation and will undergo still more 
changes. The basic tools of the computer 
programmer have undergone a transition from 
first generation to object-oriented database and 
programmi ng languages, offeri ng some benefits i n 
program module reusability, improved data 
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handl i ng, and ease of use as more and more pack- 
ages are rewritten totake advantage of thesetools. 
The Wl MP (windows, icons, menus, and pointers) 
interfaces so common today owe their origins to 
this technology. Today, the Gl S research commu- 
nity suggests that as the "desktop metaphor" be- 
comes more commonly accepted, increasingly 
sophisticated metaphors will takeover for organ- 
izing computing, including perhaps using maps 
themselves to manage the computer rather than 
vice versa. 

Some changes are far more practical but still of 
great value. Most software systems now support 
context-sensitive help, electronic manuals, and 
automatic installation and update procedures. 
Each of these could benefit from intelligent soft- 
ware that uses an expert system base and contin- 
ues to tail or the system around the Gl S operator's 
revealed use. Such software, used over a network, 
has been termed an intelligent agent. Most Gl S of 
the future will use these methods to seek out new 
data over the network that relatetoyour problem, 
alert you to mistakes in your data management 
and analysis, and perhaps automatically compose 
maps and reports at the completion of a project. 

Multimedia and hypermedia are also rapidly 
becoming a component of Gl S software. M ultime- 
dia allow simultaneous use of text, sound, anima- 
tion, and graphics. GIS software has also 
developed the ability to interact in many spoken 
languages, under different operating systems, and 
on many different computers. The independence of 
the software and the tasks from particular com- 
puter platforms, or even vendors, are a highly 
desirable element in a distributed system. 

GIS and Public Health 

While it holds distinct promise as a tool in the 
fight against emerging infectious diseases and 
other public health problems; it is not simply the 
next widget to come into play. Gl S can be seen as 
a new approach to science, one with a history and 
heritage, a finite and well researched suite of 
methods and techniques, and a research agenda of 
its own. It does not fit neatly into the health 
scientist's tool box. It requires rethinking and reor- 
ganizi ng the way that data arecol lected, used, and 
displayed. It requires expense, training, and a 
climb up a learning curve. It needs maintenance 
and support and can be both overwhelming and 
threatening to the uninitiated. 

On the other hand, the base of research and 
scholarship using GIS in the health sciences 
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cannot be ignored. A first step would be to inte- 
grate instruction on GIS into college curricula in 
public health. An admirable body of experience in 
GIS education already exists, even a thoroughly 
tested national curriculum that can be easily 
adapted to a new set of demands (41). A second 
step would be to seek out more formal links be- 
tween the research communities working with 
GIS. There are astonishing similarities for exam- 
ple in the field requirements for using GIS be- 
tween forestry, ecology, archeology and 
epidemiology that could provide substantial bene- 
fits by the sharing of experiences and the pooling 
of resources. 

Above all, GIS should be seen as improving the 
set of tools to promote public health. Good 
epidemiologic science and good geographic infor- 
mation science go hand in hand.Thefutureof Gl S 
has already retained a role for the geographically 
literate public health expert. Epidemiologists 
should seize the opportunity to set their own 
agenda and influence the technology and science 
toward the goal of public health. 

Dr. Clarke is professor and chair, Department of 
Geology and Geography, Hunter College; and on 
the faculty of the Earth and Environmental 
Sciences Program at the Graduate School and 
University Center of the City University of New 
York. Dr. Clarke's most recent research has been on 
environmental simulation modeling, the impact of 
the Persian Gulf War on the technology of 
cartography, and mapping to support disease 
control programs in Africa. 
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In recent years, population and evolutionary biologists have questioned the traditional 
view that parasite-mediated morbidity and mortality- virulence- is a primitive character and 
an artifact of recent associations between parasites and their hosts. A number of hypotheses 
have been proposed that favor virulence and suggest that it will be maintained by natural 
selection. According to some ofthese hypotheses, the pathogenicity of HIV, Vibrio cholerae, 
Mycobacterium tuberculosis, the Shigella, as well as Plasmodium falciparum, and many 
other microparasites, are not only maintained by natural selection, but their virulence 
increases ordecreases as an evolutionary response to changes in environmental conditions 
or the density and/or behavior of the human population. Other hypotheses propose that the 
virulence of microparasites is not directly favored by natural selection; rather, microparasite- 
mediated morbidity and mortality are either coincidental to parasite-expressed characters 
(virulence determinants that evolved for other functions) or the product of short-sighted 
evolution in infected hosts. These hypotheses for the evolution and maintenance of mi- 


croparasite virulence are critically reviewed 
experimentally. 

H ow much of the emergence and reemergence 
of infectious diseases is due to evolution, rather 
than ecological, technical, and social change (1)? 
Under what conditions will attenuated vaccine 
organisms become virulent? Are hospitalized and 
immunocompromised hosts reservoirs for the evo- 
lution of virulent pathogens (2)? The answers to 
these and related questions require an under- 
standing of the ecological conditions and genetic 
processes responsible for the evolution and main- 
tenance of parasite-mediated morbidity and mor- 
tality in infected hosts— virulence, as we shall 
define it here. 

At least since Darwin's time (3), evolutionary 
biologists have been interested in infectious dis- 
eases, but primarily with respect to the role of 
these diseases in the adaptation and evolution of 
humans and other species (4). A bit more than 15 
years ago, this interest in infectious disease took 
a new turn, a focus on the microbes responsi blefor 
thesediseases and the evolution and maintenance 
of their virulence. Here I offer a relatively brief and 
personal review of current theories of the evolu- 
tion and maintenance of virulence in the bacteria, 
viruses, protozoa, and single cell fungi, "mi- 
croparasites" (to use the term employed by 
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, and suggestions are made for testing them 

population biologists), responsible for infectious 
diseases. I consider how these theories fit, what is 
known about the epidemiology of microparasite 
infections and the mechanisms of pathogenesis, 
and discuss procedures to test hypotheses derived 
from these theoretical considerations of the popu- 
lation biology and evolution of microparasites. For 
other recent reviews of this subject, see (5-8). 


The Conventional Wisdom 

At one time, virulence was almost universally 
considered an artifact of recent associations be- 
tween parasites and their hosts (9, 10), and to a 
fair extent, it still is (11). I n accord with this view, 
which Bob May and Roy Anderson called "conven- 
tional wisdom” (12), parasite-host coevolution is 
necessarily in the direction of commensalism or, 
nicer yet, mutual ism. The logic behind this view is 
pleasing to human sensibilities. A fully evolved 
parasite would not harm the host it needs for its 
survival, proliferation, and transmission. Indeed, 
the appeal of this view of nature of parasite-host 
coevolution was sufficient for its corollary to also 
be assumed valid. That is, pathogenesis is often 
taken as evidence of recent associations between 
parasites and their hosts. 

M any observations are consistent with conven- 
tional wisdom about parasite-host coevolution. 
This is particularly so for most of the so-called 
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emerging diseases. For example, Legionnaires' 
disease, Lyme disease, and pneumonia caused by 
hantavirus are consequences of human infection 
by parasites and/or commensals of other species, 
rather than by organisms that have had a long 
association with humans. I n fact, for these emerg- 
ing diseases and some older microparasitic dis- 
eases, I i ke Rocky M ountai n spotted fever, anthrax, 
and rabies, humans play no (or at best a negl igi ble) 
roleinthetransmissionoftheparasiteand, in that 
sense, are an evolutionary dead end. WhileHl V is 
transmitted between humans, its association with 
ou r s peci es i s a I most u n i ver sa 1 1 y con s i d er ed r ecen t 
(13, 14). 

Other observations can be i nter preted as i ncon- 
sistent with conventional wisdom. For some viru- 
lent pathogens, like Shigella and Neisseria 
gonorrhoeae, humans appear to be either the 
unique or the dominant host and vector for infec- 
tious transmission (15). For other lethal mi- 
croparasitic diseases like malaria and 
tuberculosis (TB), there is evidence that these 
microparasites have had a long history in human 
populations and that humans play a major if not 
unique role in their infectious transmission. How- 
ever, for the pathogens involved in both these 
diseases, animal origins have been implicated, and 
it is difficult to find clear evidence of their exist- 
ence (or that of other extant pathogens) before the 
origins of agriculture (16-18). 1 One can always 
rescue conventional wisdom from these inconsis- 
tent observations by assuming that "long" is not 
long enough for these microparasites to evolve or 
coevolve with humans to a more amenable rela- 
tionship. Then again, it may well be that some 
microparasites responsible for new infections in 
human hosts will evolve to become increasingly 
virulent human pathogens and be readily trans- 
mitted between human hosts. 


Conventional wisdom is not based on hypothe- 
ses that can be readily tested and rejected. Mi- 
croparasites that lead to the extinction of their 
only host face the same fate as the host. On the 
other hand, evolving and becoming gentle and 
prudent in treating their hosts (when natural se- 
lection operating at the level of individual mi- 
croparasites favors profligate behavior like 
virulence) require some form of group-level or kin 
selection (8), and/or a host evolutionary response 
that unilaterally converts an otherwise virulent 
microparasite into a commensal. Conventional 
wisdom does not account for the actual mecha- 
nisms responsible for the evolution of benign as- 
sociations between microparasites and their hosts. 


Epidemiologic Models and the “Enlightenment” 

I n the early 1980s, at least among evolutionary 
biologists, conventional wisdom gave way to what, 
in an earlier consideration of this subject 
Catharina Svanborg and I satirically (but sympa- 
thetically) referred to as the "enl ightenment" (24). 
In accord with this new view, natural selection 
couldfavortheevolution and maintenance of viru- 
lence as well as commensal and symbiotic associa- 
tions between microparasites and their hosts. In 
other words, virulence could be the evolved as well 
as the primitive stage of these associations. The 
direction of natural selection in any given situ- 
ation depends on the epidemiology and ecology of 
the microparasite and, in particular, the relation- 
ship between i ts vi ru I ence and i ts rate of i nfect i ous 
transmission in the host population. 2 This can be 
seen in the equation for the finite rate of i ncrease 
of a directly transmitted microparasite in a wholly 
susceptible host population (12, 25, 26) 

6N 

r 0= 

a+b +v 


1 The existence of genetic polymorphisms, like sickle cell, thalassemia, and glucose 6-phosphate dehydrogenase (G6PH) 
deficiency (19, 20), Duffy-negative blood groups (21), and specific HLA alleles (22) maintained by Plasmodium-mediated 
selection can also be interpreted as evidence for malaria's long association with humans. There is evidence for inherited 
resistance to TB among mammals (23), and arguments that TB epidemics have selected for inherited resistance in humans 
(16). However, that evidence is not as compelling as that for malaria. 

2 1 n at least the mathematical theory, the morbidity component of microparasite virulence is not treated explicitly (25). The 
symptoms and pain resulting from infection are implicitly incorporated in the rates of disease-associated mortality, recovery, 
and transmission. Moreover, while acknowledging the existence of microparasite-mediated selection and evolution in the 
host population, for the most part, the enlightened view of microparasite-host coevolution has concentrated on the changes 
in the microparasite population. Theidea isthat because of the relatively longer generation times, the rate of evolution in 
the host population is going to be low. 
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where (5 is the rate constant of infectious transfer 
of the microparasite, N the density of the suscep- 
tible host population, a the rate of microparasite- 
induced mortality (virulence), b the rate of 
microparasite-independent mortality, and v the 
rate of recovery. Ro is the number of secondary 
infections caused by asingleprimary infection and 
serves as a measure of the fitness (here and else- 
where in a Darwinian sense) of the parasite in this 
naive host population. At any given host density, 
N, this measureof fitness of the parasite is directly 
proporti onal to its transmissi bi I ity, 6, and theterm 
of its persistence i n an i nfected host, the red procal 
of a + b +V. 

I f the parameters of the Ro equation were i nde- 
pendent of each other, the predi ctions deri ved from 
this equation would be consistent with conven- 
tional wisdom: benign parasites would evolve. 
That is, natural selection wouldfavor highly trans- 
missible (b — > oo ), incurable (v-> 0), commensals 
(a-> 0), or symbionts (a — ^ -oo ). On the other hand, 
if transmission and virulence, the parameters (5 
and a in the Ro equation, were positively coupled, 
natural selection could favor the evolution and 
maintenance of some level of virulence, a -» 0, in 
the microparasite population. 

In accord with the epidemiologic perspective 
implicit in the Ro equation, an understanding of 
the evol ution of vi rulence i n microparasites comes 
down to elucidating the relationship between the 
rate at which the microparasite is transmitted 
between hosts and the rate of parasite-mediated 
mortality in individual infected hosts. If that rela- 
tionship is positive, then some level of virulence 
may be favored. And, si nee the fi rst statements of 
this new view of parasite-host coevolution (12, 26, 
27), much of the research on the evol ution of viru- 
lence has focused on the associ ati on between these 
two components of parasite fitness. 

The most cited, and to me the single most com- 
pelling, evidence in support of this new interpre- 
tation of microparasite-host coevolution comes 
from the "experiments" using myxoma virus to 
control European rabbit populations in Australia 
and Europe (26, 28, 29). Within a relatively short 
time after the release of highly virulent myxoma, 
the vi ruses recovered from thethen deci mated and 
sometimes more resistant wild rabbit populations 
were less virulent and had lower rates of disease- 
induced mortality on control laboratory rabbits 
than those initially released. However, the extent 
to which myxoma virus from the wild became 
attenuated was substantially less than that which 
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could be achieved experimentally (29). This was 
interpreted as evidence for a positive coupling 
between the rates of infectious transmission and 
rates of virus-induced mortality, a trade-off be- 
tween vi ru I ence and transmi ssi on . H i ghl y vi ru lent 
forms of the virus had a disadvantage because 
they killed the rabbits too quickly and thus re- 
duced the time availablefor them to be picked up 
by the insect (mosquito or flea) vectors required 
for their infectious transmission. Viruses that 
were too attenuated had a disadvantage because 
they generated fewer skin lesions and had lower 
densities of circulating virions, which presumably 
would reduce the rate at which they would be 
bitten by these insect vectors, the likelihood of 
biti ng vectors picki ng up myxoma, and the nu mber 
of virions picked up at any given bite. Thus, in 
contrast to conventional wisdom and in accord 
with theenlightened interpretation, natural selec- 
tion could favor and maintain the virulence of 
microparasites. This results when there is a posi- 
tive coupling between a parasite's virulence and 
its capacity for infectious transmission. 

The myxoma story is particularly compelling 
because the quantitative relationship between 
virulence and transmissi bi I ity inferred from the 
epidemiologic data and models was independently 
tested and demonstrated experimentally (30, 31). 
The myxoma story remains the only one for the 
microparasites of eukaryotic hosts where the pre- 
dictions about transmission and virulence made 
from an interpretation of epidemiologic observa- 
tions were tested experimentally. With few excep- 
tions (32), inferences about the relationship 
between transmission and virulence and the 
trade-offs between these two attributes of a mi- 
croparasite's association with its host have been 
deri ved from comparative evol ution studies or ret- 
rospective interpretations of epidemiologic data. 
In some cases, these inferences are reasonably 
strong, e.g., in the study by Alan Herre (33) on fig 
wasps and a nematode parasite and by Deiter 
Ebert (34) on a planktonic crustacean with a pro- 
tozoan parasite. The latter study is particularly 
convincing because it includes independent, ex- 
perimental evidence of a positive correlation be- 
tween the density of spores in infected hosts and 
the virulence and transmissibility of this proto- 
zoan parasite. 

The enlightened view on the virulence of mi- 
croparasites someti mes takes the positive associ a- 
tion between the virulence of a microparasite and 
its transmissibility as axiomatic; therefore, it 
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assumes that a microparasite's virulence is con- 
strained solely by the need to keep the host alive 
to facilitate its transmission to new hosts. 3 This is 
implicit in much of Paul Ewald's writing on this 
subject (6, 35) and is the basis of his main thesis 
that changes in rates of infectious transmission 
will selectfor microparasitestrai ns or species with 
different levels of virulence. 

By assumi ng a necessari ly positive rel ationshi p 
between a microparasite's capacity for infectious 
transmission and the extent of morbidity and rate 
of mortality it causes in infected hosts, a positive 
'trade-off" (relationship) between transmissibility 
and virulence, Paul Ewald has generated scenar- 
ios for the evolution of virulence and changes in 
virulence for a diverse array of microparasites, 
including those responsible for cholera, influenza, 
dysentery, and Al DS (6, 35). While the details of 
Ewald's stories may differ, the plot is almost al- 
ways the same: increases in the rates of transmis- 
sion favor increases in virulence, and the reverse. 
For example, Ewald has postulated that the viru- 
lence of HIV observed in contemporary human 
populations, Al DS, is in large part due to evolution 
in this retrovirus responding to the increases in 
human-human transmission rate resulting from 
more promiscuous sexual behavior. 4 However, 
even when a direct relationship between the viru- 
lence and transmission rate of HIV is assumed, a 
deeper consideration of the epidemiology and 
course of this sexually transmitted disease shows 
thatthissimplisticconclusion about evol ution and 
the virulence of HI V is chock full of caveats (36, 
37). The rel ativecontributions of transmission and 
virulence (as measured by the time before the 
onset of Al DS) to the fitness of HI V in the popula- 
tion of hosts depends on whether the disease is in 
an epidemic or endemic phase. Moreover, as I 
consider later, there are other, very different, 
hypotheses for theevol ution of the virulence of this 


retrovirus and other pathogenic microbes that do 
not require the necessarily positive association 
between infectious transmission and virulence 
upon which Ewald has based his arguments for 
the evolution and maintenance of virulence in 
microparasites. 

A coroll ary of the hypothesis of a positive trade- 
off between transmissibility and virulence is that 
if all else were equal, increases in the degree of 
vertical (e.g., from a mother to a fetus) transmis- 
sion of a parasite, relative to its horizontal (infec- 
tious) transmission would favor reductions in its 
virulence (38). There is compelling, experimental 
evidence to support this corollary. However, the 
evidence is restricted to experiments with E. coli 
and its phage, fl, which can be transmitted verti- 
cally, in the course of cell division, or horizontally, 
by infecting susceptible, uninfected bacteria (39). 
While some, I ike me most of the time, may believe 
in the adage "what is true for E. coli is true for 
elephants, but only moreso, "other, less coli -centric 
souls, may want to see more experiments of this 
type with microparasites and vertebrate hosts. I 
certainly do. 


Within-Host Population Dynamics and Virulence of 
Microparasites 

There is a dearth of experimental investiga- 
tions of the quantitative relationship between the 
transmission and virulence of microparasites. 
During the past few years, however, there has been 
a flurry of theoretical studies of the within-host 
population dynamics of microparasites that have 
specifically considered the relationship between 
the virulence and transmission rates of mi- 
croparasites and their densities and/or rates of 
replication in infected hosts (40-44). In the 
simplest models developed in these theoretical 
studies of the within-host population dynamics of 


3 Oneway to experimentally augment the virulence of a microparasite, as, for example, measured by declines in its LD 50 , 
is to artificially pass that microbe between hosts (15). From one perspective, this result is consistent with the trade-off 
hypothesis, as theeffect of passagei s to makethe parasite's transmission independent of thehost's survival, thereby all owing 
it to become more virulent without compromising its need to be transmitted toother hosts. However, increased virulence in 
a passage experi ment is not sufficient evidence for that trade-off. (It may well be that the parasite's capacity for infectious 
transmission is impaired as a consequence of whatever increased its capacity for infectious transmission.) I know of no 
experiments that demonstrate that the increase in virulence generated during a passage experiment is also reflected as 
increased— transmissibility, as is necessary for the trade-off interpretation. Indeed, it may well be that an increase in the 
case-mortality rateor a reduction intheLDsoofa microparasitewiil bereflected as a reduction in its natural transmissibility. 

4 I quote: "Severe immunodeficiency could develop in an old association [between a sexually transmitted virus or SIV and 
its host] as a result of increases in sexual partner rates causing evolution of increased virulence" (p. 143, reference 6). "If 
rates of unprotected sexual contact decline, so should the virulence of HIV" (p. 144, reference 6). 
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microparasites, the virulence of the microparasite, 
as measured by either the rate at which it kills its 
host or its LD 5 o, is assumed to be directly propor- 
tional to its rate of proliferation in that host, and 
its rate of infectious transmission is directly pro- 
portional to its within-host density (41). Under 
these conditions, in the absence of super infection 
or mutation, selection favors microparasites with 
intermediate rates of within-host replication, i.e., 
intermediate levels of virulence. More complex 
situations, like the coexistence of microparasite 
lineages with different levels of virulence, result 
when virulence is proportional to the within-host 
growth rate of the parasite and single hosts can be 
infected with parasites of different growth rates 
(43) or when there are high rates of mutation to 
different levels of virulence within a host (45). 
Moreover, with superinfection and mutation, the 
theory developed i n these two reports predi cts that 
the average level of virulence of a parasite in an 
infected host can exceed that anticipated from 
models that do not allow for super infect ion and/or 
assume that the parasite's level of virulence in an 
infected host remains invariant. 


The Convergence of Theories 

The predictions that can be made on the basis 
of the current view of the evolution of virulence 
differ from predictions that might follow conven- 
tional wisdom because the new view allows for 
natural selection in the parasite population to 
favor the evolution and maintenance of some level 
of virulence. Moreover, even when there is a posi- 
tive association between a parasite's virulenceand 
its transmissi bi I ity, under theconditions descri bed 
in the foil owing paragraph, the predictions of new 
methods can still converge with those of conven- 
tional wisdom. 

If the density of the sensitive host population is 
regulated by the parasite, an extension of the 
enl ightened theory predicts that natural selection 
in the microparasite population can lead to con- 
tinuous declines in the level of virulence, possibly 
to immeasurable values (46). Although not stated 
in this general way, the same conclusion about 
declining virulence can be drawn from models of 
the epidemiology of H I V/AI DS (36, 37). Duringthe 
epi demi c phase of a mi croparasi t i c i nfect i on , when 
the host population is composed primarily of sus- 
ceptible hosts, selection favors parasites with high 
transmission rates and thus high virulence. As the 
epidemic spreads, the proportion of infected and 
immune hosts increases and the density of 


suscepti ble hosts decl i nes. As a result, thecapacity 
for infectious transmission becomes progressively 
less important to the parasite's Darwinian fitness 
and persistence in the host population. Selection 
now favors less virulent parasites that take longer 
to kill their host and, for that reason, are main- 
tained in the host population for more extensive 
periods. Analogous arguments have been madefor 
the latent period of a bacteriophage infection (47), 
theevol uti on of lysogeny (48), thetradeoff between 
vertical and horizontal transmission (49, 50), and 
the advantages of mi croparasi te I atency i n general 
(40). 

Alternative Models for the Evolution of 
Microparasite Virulence 

For any microparasite, the rate of transmission 
between hosts will always be a significant compo- 
nent of fitness, and, if all else is equal, parasites 
transmitted at higher rates in the host population 
have a selective advantage over less transmissi ble 
forms. On the other hand, there is no reason to 
assume that in general a microparasite's rate of 
infectious transmission will be positively associ- 
ated with its virulence. M oreover, even when there 
is no relationship or a negative relationship be- 
tween transmission and virulence, there are at 
least two ways by which natural selection can lead 
to the evolution and maintenance of virulence, 
coincidental evolution (24) and short-sighted 
within-host selection (51). 


Coincidental Evolution 

According to the coincidental evolution hy- 
pothesis, parasite-mediated morbidity and mor- 
tality are what Gould and Lewontin (52) likened 
to the spandrels of gothic churches. While these 
structural necessities may frame the frescos and 
paintings within, that is not the reason for their 
existence. They are architectural constraints. 
Analogously, the factors responsible for the viru- 
lence of a microparasite in an infected host may 
have evolved for some purpose other than to pro- 
videthe parasite an advantage within a host or its 
transmission toother hosts. 

It would be difficult to account for the evolution 
of botu I ism toxi n by selecti on favori ng Cl ostri d i u m 
botulinum that kill people who eat improperly 
canned food. The same argument could be made 
for the toxi ns of C. tetanae and possi bly for those 
produced by other free-li ving Clostridia. Although 
these organisms may proliferate in humans, they 
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are soil bacteria, and the effects of the toxin may 
not contribute to their capacity to colonize, prolif- 
erate, and be maintained in humans or to their 
capacity to be transmitted between human hosts. 
How many other microparasite-induced symp- 
toms, and the resulting host morbidity and mor- 
tality, provide no advantage to that microbe in (or 
on) a host or its transmission between hosts? Did 
the lipopolysaccharides and other components of 
bacterial cell walls and cell membranes evolve 
because the fitness of bacteria expressing them is 
enhanced by "endotoxin"— induced overresponse 
of the i mmu ne system responsi ble for the morbid- 
ity and mortality of sepsis (53)? Do the toxins 
confer an advantage on E . coli 0157 or Staphylo- 
coccus aureus (or the plasmids and phages that 
code for these toxi ns) because they produce, some- 
times lethal, symptoms in infected hosts, 
hemolytic uremic and toxic shock syndromes, re- 
spectively? An earlier paper on this subject (24) 
argued that the adhesins produced by the E. coli 
responsible for the morbidity of symptomatic uri- 
nary tract infections evolved and are maintained 
to facilitate colonization of the gut. The painful 
symptoms of urinary tract infections generated by 
an inflammatory response to these adhesins may 
confer no advantage for the E. coli expressing 
them in the urinary tract and may in fact lead to 
the clearance of those bacteria (24). 

Each of the symptom-inducing toxins and ad- 
hesins described above, as well as many other 
so-called "virulence determinants" (54) may in- 
deed facilitate the microparasite's ability to colo- 
nize, proliferate, or be maintained in infected 
hosts, and/or be transmitted between hosts. This 
certainly sounds reasonable for many virulence 
determinants, e.g., the somatic cell invasiveness 
mechanisms of Shigella, the capsules of Strepto- 
coccus, the diarrhea-inducing toxins produced by 
Vibrio cholerae; and the sneezing and coughing 
induced by rhinoviruses. On the other hand, it is 
necessary to formally test this hypothesis that 
these symptoms have that effect and reject the 
alternative, that the morbidity and mortality gen- 
erated by the expression of a specific virulence 
determinant provides neither a within- or be- 
tween-host (infectious transmission) advantageto 
the parasite. 


Short-Sighted Evolution 

Natural selection is a local phenomenon. Char- 
acters that confer a survival or replication advan- 
tage on the individual organisms that express 


them at a given time or in a given habitat will be 
favored and evolve at that time and in that habitat. 
Whether the expression of those temporally or 
locally favored characters will increase or reduce 
the fitness of that organism at other times or in 
other habitats is irrelevant. Also irrelevant is 
whether a locally favored character makes the 
population better or less adapted to its environ- 
ment at large or augments the likelihood of its 
survival in thefuture.This myopia is a fundamen- 
tal premise of the theory of evolution by natural 
selection and the basis of the short-sighted evolu- 
tion hypothesis for microparasite virulence (51). 

Within an infected vertebrate host, mi- 
croparasite populations go through many replica- 
tion cycles and may achieve very high densities. 
They may also reside and proliferate in many 
different subhabitats (tissues and cells) and con- 
front a variety of different and ever-changing con- 
stitutive and inducible host defenses which may, 
sequester, kill, or in other ways inhibit their pro- 
liferation. As a consequence of classic mutation, 
transposition, and recombination, genetic vari- 
ability will be continually generated in the popu- 
lations of infecting microbes. Mutant or 
recombinant microparasites that are better able 
to 1) avoid being done in or inhibited by the host's 
defenses; 2) prol iferate i n the host; or 3) i nvade and 
replicatein novel habitats, tissues, and cel Is where 
there is less competition from members of its spe- 
cies would have an advantage in that host. This 
would occur even when the expression of the char- 
acters responsi blefor that local advantage reduces 
likelihood of the transmission to other hosts. 
Stated another way, the morbidity or mortality 
caused by a microparasite infection could be the 
result of the within-host evolution that is short- 
sighted because that virulence actually reduces 
the rate at which that parasite is transmitted to 
other hosts. 

T h ree exampl es of mi croparasi te vi ru I ence t hat 
could be products of this mode of evolution can be 
considered (51). For two of these examples, bacte- 
rial meningitis and poliomyelitis, many human 
hosts are infected by the responsible mi- 
croparasites, primarily Haemophilus influenzae; 
Neisseria meningitidis, and Streptococcus pneu- 
moniaefor meningitis and poliovirus for poliomye- 
litis, but very few manifest the symptoms of these 
i nfecti ons. I n t he case of men i ngi t i s, t he neu rol ogi - 
cal ly debilitating and sometimes fatal symptoms 
of the infection area consequence of an inflamma- 
tory response against the bacteria entering and 
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proliferating in the cerebral spinal fluid. These 
meningitis-causing bacteria normally reside in 
the nasopharyngeal passages and aretransmitted 
by droplet infection. The cerebrospinal fluid is, at 
least with respect totheir infectious transmission, 
a dead end. On the other hand, bacteria capableof 
invading and proliferating in that habitat could 
have a local advantage as there are no other com- 
peting populations and only modest defenses. An 
analogous argument can be put forth for 
pol iovi rus. Symptomatic i nfections with this vi rus 
are caused by their invasion of and proliferation 
in the neurologic tissue of the central nervous 
system. Poliovirus normally replicates in the mu- 
cosal cel Is of the mouth, throat, and intestines and 
is transmitted by the oral-fecal route. Poliovirus 
vi ri ons prol iferati ng i n the central nervous system 
would almost certainly not be transmitted. The 
evidence in support of short-sighted evolution for 
the virulence of these specific microparasites is 
mostly circumstantial (51). On the other hand, 
short-si ghted evol ut i on for t he vi ru I ence of sped f i c 
microparasites is a hypothesis that can be tested. 
If the hypothesis is valid, the microparasites re- 
sponsible for the symptoms would be genetically 
different from their ancestors that infected the 
host and better adapted for prol iferation i n thesite 
of the symptoms than the ancestors themselves. 

The third example of short-sighted evolution of 
virulence considered, HIV, is different from the 
other two in that virtually every human infected 
with this retrovirus that does not die of other 
causes, eventually manifests and succumbs to 
AIDS. However, although the case mortality of 
HI V infection may approach unity, as measured by 
the rate of mortal ity (deaths per unit of ti me), from 
an epidemiologic perspective, HIV is not a very 
virulent virus. There is substantial variation in 
the time between infection and the onset of Al DS. 
On average in industrialized countries, the term 
of this infection is 8 to 10 years (55). During the 
early phase of an HIV epidemic, most transmis- 
sion of the virus occurs during the initial viremia, 
probably before seroconversion and certainly be- 
forethe onset of Al DS (37, 56). It is not at all clear 
howthetransmissibilityof H IV virions duringthis 
early phase of the infection is related to the time 
of onset of Al DS. HI Vsthataremoretransmissible 
early in the infection may lead to an earlier onset 
of Al DS. If this isthe case and all else were equal, 
increasing opportunities for transmission during 
the epidemic phase would favor increases in HIV 
virulence (36, 37). However, there may be no 


Vol. 2, No. 2 — April-June 1996 99 


association between HI V's capacity to betransmit- 
ted early and the time of onset of Al DS, or the time 
until the onset of AIDS may increase with the 
transmissibility of the virus during the early 
phase of the infection. U nder either of these con- 
ditions, selection during the epidemic phase of the 
disease would favor more transmissible but less 
virulent HI Vs. 

I n the course of HI V infection, the HI V popula- 
tion undergoes continuous genetic changes. In 
fact, i n a number of hypotheses of H I V pathogene- 
sis, Al DS is a consequence of mutation and selec- 
tion in the HI V population that occurs during the 
course of the infection in individual hosts (57-60), 
i.e., short-sighted, within-host evolution. Albeit 
different in their details, all of these hypotheses 
are consistent with what is known about HIV 
infection, and all can account for the course of 
these infections and vari abletime of onset of Al DS. 

Experimental Evolution Meets Experimental 
Epidemiology 

Results of recent studies by population and 
evolutionary biologists predict at least three ways 
by which the virulence of microparasites can be 
favored and will be maintained by natural selec- 
tion. 1) Direct selection: there is a positiverelation- 
ship between the parasite's virulence and its rate 
of infectious transmission; 2) coincidental 
evolution: the parasite's virulence is due to char- 
acters) favored and maintained by selection for 
some other function and the expression of those 
virulence determinants in an infected host does 
not confer a net advantage or disadvantage in the 
parasite population at large; and 3) short-sighted, 
within-host, evolution: the parasites responsible 
for the morbidity and mortality of an infection are 
selected for within the host because of a local 
advantage, and that evolution reduces the rate at 
which that locally adapted parasite is transmitted 
between hosts. 

At this ti me, these predictions are based al most 
entirely on general theory and retrospective inter- 
pretations of epidemiologic and other observations 
about specific microparasites. Although this the- 
ory and these i nterpretati ons may be appeal i ng, i n 
a formal Popperian sense (61), almost all the 
mechanisms postulated for the evolution of viru- 
lence of specific microparasites are no more than 
untested hypotheses. H owever, uni i ke most evolu- 
tionary hypotheses, those about the evolution of 
microparasitevirulencecan betested and rejected 
with prospective, experimental studies with 
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laboratory animal and plant hosts. These tests 
could be at two levels; first, tests of the validity of 
the assumptions behind these models of the evo- 
lution of virulence and second by tests of the 
predictions made from the consideration and 
analysis of these models. 

For the direct selection hypothesis, it is essen- 
tial to demonstrate a positive relationship be- 
tween a microparasite's virulence and its rate of 
(or capacity for) infectious transmission. For mam- 
malian hosts, protocols exist for determining this 
relationship (30-32). The object would be to esti- 
mate the densities of microbes at the sites of 
transmission (e.g., feces, nasal passages) during 
the entire course of the infection. Moreover, it 
would be useful toseparately test the colonization 
ability and virulence of the microbes from these 
sites. According to the coincidental evolution hy- 
pothesis, it is possiblethat the virulence determi- 
nant responsible for morbidity and mortality in 
the host provides a local advantage to the parasite 
expressing it; whether it does or not could betested 
with competition experiments between strains of 
that microparasite that are isogenic save for that 
virulence determinant. The genetic basis of many 
virulence determinants are known, and it should 
be possible to construct these strains. Flowever, 
unlike in the direct selection hypothesis, in coinci- 
dental evolution, microbes expressing the viru- 
lencedeterminants should not be over represented 
at the sites of infectious transmission. Under the 
short-sighted evolution hypothesis, microbes iso- 
lated from the tissues and organs responsible for 
the symptoms of the infection (e.g., in the cerebro- 
spinal fluid) should be better adapted for prolifera- 
tion in those organs and tissues than theoriginally 
infecting strain from which they were derived. 
This could be tested with pairwise competition 
experiments between the original and potentially 
evolved strains injected at the site of the symp- 
toms with a common, genetically marked competi- 
tor of that parasite. FI ere, too, it is necessary to 


demonstrate that the strain responsible for the 
symptoms is not overrepresented at the site of 
infectious transmission. 

To test the prediction of the direct selection 
hypothesis and toexcl udethat mechanism i n tests 
of the coincidental and short-sighted alternatives, 
it is necessary to study the epidemiology of the 
microparasites as well as their within-host prop- 
erties. For bacteriophages and bacteria this is a 
relatively easy task, e.g., testing Abedon's hy- 
pothesis (47) about the direct relationship be- 
tween the density of sensitive bacteria and 
selection for latent period length (a measure of 
virulence) and burst size (a measure of transmis- 
sibility). For eukaryotic hosts, this kind of study is 
goi ng to be more difficult and, at this ti me, may not 
be possible. The basic protocols for experimental 
studies of the epidemiology of bacterial and viral 
infections of laboratory mice were developed and 
successfully employed a long time ago (32, 62). 5 
Flowever, experiments of these types are costly, 
labor-intensive, and time-consuming, and because 
of concerns about animal rights, it may be difficult 
to get permission to do these experiments with 
mice or other higher vertebrates. On the other 
hand, experiments of this type with insects and 
other invertebrate animal hosts as well as plants 
would be tenable and valuable as tests of the 
general theory, albeit less immediately relevantto 
the evolution and maintenance of virulence in 
human pathogens. 
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5 Greenwood and col leagues (32), studied microparasites with different transmi ssi bi I ities ("i nfectivity") and virulence. I none 
replica of their study of pasteurellosis (due to infections with a bacterium they call Pasturella muriseptica in experimental 
populations of mice, they report 'the appearance of a variant that had gained i nfectivity and retained, or perhaps increased, 
its original virulence." However, in general, their study and Fenner's (62) provide little information about the direction of 
natural selection in these microparasite populations. With respect to evolutionary questions, these were wait-and-see 
experiments. Only onestrain of microparasite was introduced intoeach population, and it was necessary to wait for mutations 
that changed their virulence or transmi ssi bi I ity. More information about the direction of selection and a better test of these 
evolutionary hypotheses could be obtained in these types of experiments if two or more genetically marked strains of 
microparasites with different virulence and transmi ssi bi I ity were i ntroduced simultaneously and were all owed to compete. 
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Heis a population and evol utionary biologist, who, 
like a number of others of his ilk, recently 
discovered infectiousdisease Currently heand the 
postdoctoral fellows and students working with 
him are doing theoretical (mathematical 
modeling) and experimental research on the 
within-host population dynamics of bacterial 
infections and their treatment, and the 
epidemiology, population genetics and 
evolution of anti biotic resistance 
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The Infectious Diseases Impact Statement: A Mechanism 
for Addressing Emerging Diseases 

Edward McSweegan, Ph.D. 

National I nstitute of Allergy and I nfectious Diseases, National I nstitutes of Health, 

Bethesda, Maryland, USA 


The use of an Infectious Diseases Impact Statement (IDIS) is proposed for predictive 
assessments of local changes in infectious diseases arising from human-engineered activi- 
ties. IDIS is intended to be analogous to an Environmental Impact Statement. The drafting 
of an IDIS for specific activities, particularly in developing nations, would provide a formal 
mechanism for examining potential changes in local health conditions, including infected 
and susceptible populations, diseases likely to fluctuate in response to development, existing 
control measures, and vectors likely to be affected by human activities. The resulting survey 
data could provide a rational basis and direction for development, surveillance, and preven- 
tion measures. An IDIS process that balances environmental alterations, local human health, 
and economic growth could substantially alter the nature of international development efforts 
and infectious disease outbreaks. 


A 1995 report by Aksoy et al. (1) describing the 
GAP (Turkish acronym for the Southeastern Ana- 
tolia Irrigation Project) irrigation project in Tur- 
key suggests that anticipating the emergence or 
expansion of vector-borne and zoonotic diseases in 
a limited environment is a useful exercise. Accord- 
ing to the report, a number of diseases (e.g., leish- 
maniasis, malaria, and schistosomiasis) are likely 
to increase in direct response to the expansion of 
irrigation and the increases in under water acre- 
ageand human population in the GAP region. The 
sued net overview of the disease and vector condi- 
tions in the GAP area could serve as a starting 
point for creating what will be referred to in this 
article as an Infectious Diseases Impact State- 
ment (IDIS), a document that would be analogous 
to the Environmental Impact Statement (EIS) 
routinely used in the United States to assess the 
likely effects of construction, irrigation, agricul- 
ture, and similar activities on a local environment 
or region. An I Dl S, however, would not assess the 
environment directly, but rather would predict 
changes in local disease patterns resulting from 
changes to the local environment. 

Likean EIS, an I DIS would bea predictive and 
proactive assessment. Drafting an I Dl S for a par- 
ticular region or microenvironment would provide 
aformal mechanism for asking (and attemptingto 
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answer) specific questions about futurechanges i n 
local health conditions. For example, what arethe 
diseases and vectors in the given area? How are 
the proposed changes to the environment (e.g., 
dam-bui Idi ng, forest-cleari ng) I i kely to change the 
incidenceand the prevalence of thosediseases and 
vectors? What actions should betaken during the 
course of a given project and in the future to 
prevent potential increases in disease and vector 
populations? If an increase in human disease is 
likely, is the expense of the proposed project war- 
ranted? Will the economic benefits of a particular 
development or agriculture project be offset by 
increased costs in health care, vaccination, and 
vector control ? 

The 1969 National Environmental Policy Act 
was designed to provide a legal mechanism in the 
United States for evaluating potential impact to 
the environment from development activities and 
for permitting the public to participate in the 
evaluation process at the earliest stages (i.e., 
"scoping"). A Council of Environmental Quality in 
the executive branch of the federal government 
was established as a monitor, and the E I S process 
was implemented to inform decision makers and 
the public of potential environmental problems 
and reasonable alternatives to proposed actions. 
Environmental Protection Agency (EPA) require- 
ments for environmental assessments are out- 
lined in the Code of Federal Regulations (CFR). An 
EIS is intended to prospectively examine impact 
"upon thequal ity of the human envi ronmentofthe 
United States and, in appropriate cases, upon the 
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environment of the global commons outside the 
jurisdiction of any nation"(46CFR sec. 504.7).The 
requirements of an El S typically include descrip- 
tions of human populations inthedesignated area, 
current land use patterns, air quality, noise levels, 
locations of wetlands and coastal zones, sites of 
historical or cultural value, and non-point source 
pollution. The protection of human health is im- 
plied in theE I S process, but this concern is usually 
assumed to pertain to the location of industrial 
plants and dumps and to exposure to toxic chemi- 
cals, heavy metals, ionizing radiation, and pesti- 
cides. The EIS process contains no explicit 
reference to i nfectious diseases or disease vectors 
affecting human health in response to del i berate 
environmental changes. In 1995, the only publish- 
ed El S references to diseases, infectious or other- 
wise, were for proposed control measures at two 
California plant nurseries. Yet past events suggest 
that attention should be directed toward changes 
in infectious disease patterns di rectly attri butable 
to human-engineered events. 

For example, the construction of the Aswan 
Dam in Egypt is widely believed to have precipi- 
tated the appearance of Rift Valley fever (RVF) in 
Egypt during the 1970s (2). Tens of thousands of 
RVF cases and hundreds of deaths followed. Simi- 
larly, completion of the Diama Dam in Senegal, in 
1987, led to epidemics of malaria and RVF (3); 
impoundment of the Volta Lakein Ghana, in 1968, 
led toan explosiveoutbreak of schistosomiasis (4). 
Increased agriculture on the Argentine pampas 
and along the edges of Bol i vian forests has contri b- 
uted to frequent hemorrhagic fever outbreaks 
caused by J unin and Machupo viruses, respec- 
tively (5). Mining operations in the Brazilian jun- 
gles have led to outbreaks of malaria (6). 
Road-building projects under way in Papua New 
Guinea are likely to bring large numbers of sus- 
ceptible human hosts into contact with rare and 
yet-to-be-discovered viruses. These epidemics and 
encounters with new diseases are the unforeseen 
consequences of critically altering the local envi- 
ronment. As a consequence, development and ag- 
riculture projects initiated to improve the lives of 
local populations can have the opposite effect by 
increasing disease prevalence and causing new 
epidemics. Embedding an I DI S requirement into 
the planning and execution of large-scale projects 
likely to alter local environments could prevent 
new epidemics and reduce infectious disease- 
associated morbidity and mortality. 


How Would an IDIS Work? 

An IDIS would first need to be established as 
an integral component of any activity likely to 
affect the health of a local population. I n tropical 
and developing regions of the world, that would 
include a variety of national and international 
development activities. The area designated for 
large-scale alteration would be surveyed for cur- 
rent disease vectors, and the local populations 
would be examined for diseases likely to be af- 
fected by the project in question. Thequalityofthe 
surveillance and the extrapolation of expected 
changes brought on by a particular activity would 
vary, dependi ng on the knowledge of diseases, vec- 
tors, local host immunity, and other factors. Al- 
though the variables increase the margin of 
uncertainty in such extrapolations, these esti- 
mates would be expected to improve as the state 
of field and laboratory research improves and ex- 
perience with preparing an I DI S increases. A ret- 
rospective examination of earlier projects in 
si mi I ar en vi ron ments wou I d a I so provi de i nfor ma- 
tion for developing an IDIS. The standards of 
"existing crediblescientificevidence"and "reason- 
ably foreseeable" impact that current environ- 
mental impact assessments rely on could also be 
applied to the early stages of the IDIS process. 

The resulti ng preproject assessment would pro- 
vide a snapshot of conditions in a defined area, 
includingthefol lowing: diseases likely to fluctuate 
in response to project activities, numbers of in- 
fected and susceptible hosts, existing control 
measures, and vectors likely to be affected by 
project activities. Such baseline data are fre- 
quently absent from development and agriculture 
activities (7). Knowing what diseases are already 
present, and how they might be changed, allows 
one to ask how anticipated changes in disease 
prevalence and distribution might be prevented or 
controlled through changes in the proposed pro- 
ject, improved case finding and treatment, 
changes in local sanitation and housing, increased 
vaccination or prophylaxis, or pest management 
programs. Some or all of the above health mainte- 
nance measures could then become components of 
the overall planning, budgeting, and execution of 
any major development or agricultural activity in 
the area. H ealth and health maintenance would 
become factors in the overall design and cost of the 
project. In many instances, local disease sur veil- 
lance wou Id become an ongoing part of the project, 
with supplemental assessments being made to 
refine the original IDIS. 
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Who Would Request an IDIS, and Who Would 
Respond to the Request? 

Initial candidates would likely be donor organi- 
zations (the U.S. Agency for International Devel- 
opment and the World Bank, for example) that 
provide funding and oversight. I n the absence of 
federal or international statutes, these organiza- 
tions have the stature and financial capability to 
make infectious disease control an integral part of 
their development projects. Indeed, they should 
have an urgent interest in doing so because in- 
creases in diseases or new epidemics increase 
financial demands on them for medicines, vac- 
cines, and pest control. In the end, more money 
would be spent beating back the outbreaks and 
epidemics that foresight might have prevented. 
National health ministries, state and territorial 
health departments, and local medical communi- 
ties in developing countries might also request or 
initiate an I Dl S. The practice of drafting an I Dl S 
and implementing its recommendations might 
also rejuvenate underfunded areas of interna- 
tional health, vector biology, parasitology, and 
medical entomology as professionals in these 
fields are called on to conduct infectious disease 
assessments of development activities. The peer- 
revi ewed I i teratu re and el ectron i c servi ces such as 
ProM E D, Outbreak, and the World Health Organi- 
zation (WH 0) and Centersfor Disease Control and 
Prevention World-Wide Web sites could provide 
the pu bl ic "scopi ng"rolethat posti ng i n theFederal 
Register and allowing a period for public comment 
provide in the El S process in the United States. 

The first application of an I Dl S to a large-scale 
devel opment or envi ron mental acti vity cou I d come 
from western donor organizations working in the 
developing world. Thesuccessful demonstration of 
an I Dl S could encourage other organizations, na- 
tional health officials, and health activists to push 
for the routine integration of public health with 
national development. This could happen in the 
United States, as well. The United States recently 
experi enced the emergence of Si n N ombre vi rus i n 
the Southwest and is theoretically open to the 
i ntroducti on of f i ve vector-borne di seases: mal ari a, 
Rift Valley fever, yellow fever, dengue, and ar- 
bovirus encephalitides (15). Public health officials 
and citizen activists could initiate independent 
IDIS for activities perceived to threaten the 
balance between health, the environment, and 
domestic productivity. 


What are the Strengths and Limitations of the IDIS 
Process? 

A project-embedded I Dl S would not bethesame 
as an environmental management program, 
which seeks to control disease vectors through 
environmental modification and manipulation 
and through reduced human contact with vectors 
(8). An I Dl S would, in fact, precede environmental 
management control measures by first postulat- 
ing the I i kel y emergence of specifi c pathogens and 
vectors. The useful ness of an I Dl S lies in its ability 
to provide a conceptual framework for identifying 
potential disease problems, and, indeed, prevent- 
ing them by altering or curtailing the very activi- 
ties that could lead to disease emergence. 

I n an activist sense, an IDIS could be wielded 
as a tool of caution or prevention, much as an E I S 
is wielded in the United States to alter or halt 
some activity perceived to be a threat to the envi- 
ronment. That ability to influence potential 
changes and to affect health could be vital; public 
health concerns connected with agricultural and 
developmental projects are usually a low priority 
among foreign ministries, international donor or- 
ganizations, and engineers (9); neglecting them 
can leave thefull benefits of development unreal- 
ized. 

Lest anyone imagines that an IDIS could be 
used solely as a tool of the political Left, as a kind 
of "liberation microbiology, "it is important to point 
out that the same I DIS could be used tojustifythe 
use of pesticides and other organized control 
measures, including the relocation of local popula- 
tions. Recently, for example, pesticide use has come 
under attack by various environmental groups, 
and donor organizations have become increasingly 
reluctant tofundsuch activities (10). I n the United 
States, EPA's Endangered Species Act has also 
tended to thwart the use of pesticides because of 
potentially adverse impact on some birds and 
mammals (11). However, an IDIS describing the 
probable emergence of important disease vectors 
could be used to justify such use. Thus, a health 
care issue could be twisted into a health scare by 
either the political Right or the Left. The recent 
ratification of the North American Free Trade 
Agreement (NAFTA) was preceded in the United 
States by an effort to stal I the treaty with an E I S 
requirement. If an I DIS had predicted new disease 
outbreaks from i ncr eased border trade and traffic, 
that concern might have had greater impact on the 
public imagination than more abstract concerns 
about atmospheric particulates in the border 
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region and could have been effectively used by 
anti-NAFTA forces. An I Dl S should be not a politi- 
cal tool but rather a valuable information source 
that helps guide economic development and land 
use. 


How Can an IDIS Complement Existing 
Surveillance Systems? 

Almost half of the planet's five billion people 
are at risk for one or more vector-borne diseases 
(12, 13). Surveillance remains a key tool for moni- 
toring these diseases and identifying new cases 
and outbreaks. Four types of survei I lance are used 
in the control of vector-bornediseases: 1) recording 
human cases, 2) determining vector distribution 
and infecti vity, 3) monitoring vertebrate reser- 
voirs, and 4) tracking weather patterns to predict 
vector distribution (14). But throughout the devel- 
oping world and across tropical boundaries, effec- 
tive and continuous surveillance is extremely 
difficult, if not impossible. Cases are missed; out- 
breaks go un reported. Effective case reporting and 
continuous field monitoring are best conducted in 
limited, well-defined areas. Within the microenvi- 
ronments of human activities, an I Dl S could pro- 
vide valuable baseline surveillance data before 
changes to that area occur and affect disease and 
vector distributions. This information could pro- 
vide a rational basis and direction for ongoing 
monitoring and corrective measures (e.g., vaccina- 
tion, rel ocati on , pest control ). Focusi ng on a I i mited 
area and a limited number of diseases in that area 
may also expand the use of promising but under- 
utilized technologic methods such as remotesens- 
ing and geographic information systems (Gl S). 

Flaines et al. (15) noted the importance of vec- 
tor-borne disease monitoring and recommended 
that remote sensing and GIS be used to detect 
changes in ecosystems and vector populations. To 
a large extent, however, the advantages of satellite 
imagery and Gl S have not been realized, in part, 
because of the frequent absence of "ground truth" 
(data on diseases, vectors, and other factors in the 
area) and of having to wait to observe natural 
envi ron mental changes I i kel y to affect di sease and 
disease transmission (16-18). Satellite imagery for 
much of the planet has been collecting in data- 
bases since 1972 (16). By 1998, accumulated sat- 
ellite data will be in the petabyte (1,000 terabyte) 
range, 1,000 ti mes I arger than the contents of the 
Library of Congress (B. Montgomery, NASA, pers. 
comm.). High-resolution, multispectral, multiyear 
images for many potential development and 


agricultural sites are available. Using a preproject 
IDIS to "ground truth"the project's environment 
with current satellite imagery, it may be possible 
to more completely descri be local disease and vec- 
tor cond i t i ons and make more accu rate pred i di ons 
about their plasticity during periods of construc- 
tion, flooding, or farming. The result would be a 
fi rmer I i nkage of grou nd survei 1 1 ance and satel I i te 
imagery to monitor public health changes within 
a well-defined and limited environment. 

I n recent years, the sudden emergence of rare 
or forgotten diseases such as E bol a vi rus i nfedi on, 
dengue, yellow fever, plague, and hantavirus (Sin 
N ombre virus) i nfedi on has attraded the atten- 
tion of the public and inspired renewed commit- 
ments to surveillance and control. WHO recently 
formed a rapid response unit (the Division of 
Emerging, Viral and Baderial Diseases Surveil- 
lance and Control) to deal with outbreaks of new 
and reemerging infedions (19). Similarly, nine 
Southeast Asian countries held a meeting on 
emerging diseases and concluded that each coun- 
try should also develop rapid response teams for 
epidemics (20). However, these disease control ef- 
forts are al most enti rely passive, with staff, equi p- 
ment, and budgets idling in anticipation of 
something eventually happening somewhere. It is 
difficult to maintain a high degree of public and 
financial support for such wait-and-see ap- 
proaches to disease control .The U nited States has 
suffered a serious decline in national surveillance 
and outbreak investigations, in part, because of 
decreased support for passive monitoring pro- 
grams (11). 

Is an IDIS Really Needed When the Existing EIS 
Statutes Already Cover Human Health and Safety 
Concerns? 

I n the U nited States the need is not clear. I nfec- 
tious diseases caused by environmental manipu- 
lation may be assumed to fall under the general 
E I S category of human health. However, infectious 
diseases have not often been considered in the 
past, and it is easy to imagine that if they were a 
factor in the E I S process, an environmental/infec- 
tious disease issue could be smothered under the 
weight of government regulations and the adver- 
sarial legal system. E PA operates under 16 federal 
statutes and 70 congressional committees and 
subcommittees and is engaged in some 600 law- 
suits at any given time (21). Moreover, emerging 
infectious disease issues could bring EPA and the 
EIS process into conflict with the missions of 
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federal agencies and state and local health 
departments. Outside the United States, beyond 
federal statutes and informed public debate, the 
need for an I Dl S is clearer. I nthedevel oping world, 
epidemics and substandard health care are com- 
mon, and the national goals of healthy environ- 
ment and healthy economy are usually at odds. An 
I Dl S process that balances environmental altera- 
tions, local human health, and economic develop- 
ment could substantially alter the nature of 
international development efforts and infectious 
disease outbreaks. 


To the ancient Greeks, the past appeared in 
front of them, real and visible; the future was 
behind them, unseen and unknowable. With that 
perspective, they were always glancing nervously 
backward, looking for a future that usually man- 
aged to creep up and tap them on the shoulder. I n 
a sense, we have the same perspective for disease 
surveillance and control that the ancient Greeks 
had for time. Past epidemics and our responses to 
them are readily apparent; it is that unexpected 
tap on the shoulder by a hantavirus or an Ebola 
virus that is always so startling. We cannot know 
when and where such pathogens will emerge. 
Their appearance is often a chance event initiated 
by unpredictable changes in weather or the acci- 
dental encounter of a single person with a myste- 
rious vector. These taps on the shoulder are an 
affront to our sense of control and understanding 
of disease. Moreover, it isunsettlingtothe public's 
sense of security and its faith in medical research. 
Although we cannot expect to eliminate the sur- 
prises of emergent pathogens in the near future, 
we can take control of situations in which our own 
actions di rectly lead to the emergence of diseases. 
Generating an I Dl S in areas where human activi- 
ties are I i kel y to d i sru pt endemi c-di sease patter ns 
would be an important step in controlling future 
outbreaks. Routine application of a preproject 
I Dl S could improve local surveillance and health 
care planning by 1) providing baseline data on 
endemic-disease and vector prevalence and com- 
petence; 2) embedding projected health mainte- 
nance costs into the planning and cost of any 
project or activity likely to influence the environ- 
ment and public health; and 3) providing a mecha- 
nism for instituting project alterations and health 
care measures to offset adverse effects on the 
health of local populations. 
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Emerging Disease Issues and Fungal Pathogens 
Associated with HIV Infection 

Neil M. Ampel, M.D. 
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Tucson, Arizona, USA 


Fungal diseases are increasing among patients infected with human immunodeficiency 
virus (HIV) type 1. Infections due to Candida and Cryptococcus are the most common. 
Although mucocutaneous candidiasis can be treated with oral antifungal agents, increasing 
evidence suggests that prolonged use of these drugs results in both clinical and microbi- 
ologic resistance. The optimal therapy for cryptococcal meningitis remains unresolved, 
although initial treatment with amphotericin B, followed by life-long maintenance therapy 
with fluconazole, appears promising. Most cases of histoplasmosis, coccidioidomycosis, 
and blastomycosis occur in regions where their causative organisms are endemic, and 
increasing data suggest that a significant proportion of disease is due to recent infection. 
Aspergillosis is increasing dramatically as an opportunistic infection in HIV-infected patients, 
in part because of the increased incidence of neutropenia and corticosteroid use in these 
patients. Infection due to Penicillium marneffei is a rapidly growing problem among HIV-in- 
fected patients living in Southeast Asia. Although the advent of oral azole antifungal drugs 
has made primary prophylaxis against fungal diseases in HIV-infected patients feasible, 
many questions remain to be answered before the preventive use of antifungal drugs can be 
advocated. 


Over the last decade, the incidence of fungal 
infections has increased dramatically. The human 
immunodeficiency virus (HIV) type 1 epidemic 
accounts for a large share of this increase. This 
article is not a general guide to the diagnosis or 
treatment of fungal diseases but rather a review 
of emerging disease issues in regard to these 
i nfections among H I V-i nfected patients. The i nfec- 
tions discussed include candidiasis; cryptococ- 
cosis; the endemic mycoses histoplasmosis, 
coccidioidomycosis, and blastomycosis; aspergil- 
losis; and penicilliosis. In addition, the role of 
preventive therapy for fungal infections in H I V-in- 
fected patients is assessed. F ungal pathogens and 
their most common manifestations in HlV-in- 
fected patients are listed separately (Table). 

Candidiasis 

Mucocutaneous candidiasis is one of the most 
common manifestations of HIV infection. In one 
prospective study, 84% of HIV-infected patients 
had oropharyngeal colonization by Candida spe- 
cies on at least one occasion, and 55% developed 
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clinical thrush (1). While other yeasts may 
occasionally cause clinical disease, Candida albi- 
cans is the organism isolated from most patients 
(1, 2). Candida species normally col onizethe gas- 
trointestinal tract of healthy adults, and most 
infections in HIV-infected patients are endo- 
genously acquired. I n some cases, candidal strains 
can be transmitted from person to person (1). 

Table. Common fungal pathogens in HIV infection and their 
mostfrequentclinical syndromes 


Organism Clinical syndrome 


Candida albicans 

Cryptococcus neoforma ns 
Histoplasma capsulatum 

Cocci di oi des immitis 

Blastomyces dermatitidis 

Aspergi 1 1 us fu mi gatus 
Penicillium marneffei 


Thrush, vaginal candidiasis, 
esophageal candidiasis 
Meningitis 

Disseminated infection with 
fever and weight loss 
Diffuse and focal pulmonary 
disease 

Localized pulmonary disease 
and disseminated infection, 
including meningitis 
Pulmonary disease with 
fever, cough, and hemoptysis 
Fever alone or with 
pulmonary infiltrates, 
lymphadenopathy, or 
cutaneous lesions 
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During the course of HIV infection, patients ap- 
pear to be colonized with one or a few dominant 
strains, which tend not to change over time. Pow- 
derly and col leagues isolated the same strain of C. 
albicans in 11 of 17 patients with recurrent yeast 
infection, by DNA probe analysis (2). In another 
study, using contour-damped homogeneous elec- 
tric field electrophoresis, Sangeorzan et al. found 
that 60% of patients were colonized with onedomi- 
nant strain of C. albicans. In 74% of these pa- 
tients, recolonization with the same strain 
occurred after antifungal therapy (1). Using bio- 
typing and restriction fragment length polymor- 
phism analysis of 25S ribosomal DNA, Whelan 
and colleagues found that strains of C. albicans 
isolated from 24 patients with AIDS were not 
significantly different from strains from 23 pa- 
tients without HIV infection (3). Thus, the candi- 
dal strains causing disease in patients with HIV 
infection appear to bethesame as those colonizing 
patients without HIV infection and, in most pa- 
tients, do not changeover time. 

In HIV-infected patients, candidiasis is virtu- 
ally always mucocutaneous, involving the oro- 
pharynx, the esophagus, and the vagina. HIV 
infection by itself is not associated with the syn- 
drome of disseminated candidiasis, which is char- 
acterized by candidemia, endophthalmitis, and 
multiple organ involvement. The precise immu- 
nologic processes that control candidal infection in 
HIV-infected patients are not known. However, 
mucocutaneous candidiasis is clearly related to 
the development of clinical cellular immunodefi- 
ciency. In fact, oropharyngeal candidiasis is an 
independent predictor of immunodeficiency in pa- 
tients with AIDS (4). Moreover, a CD4 lymphocyte 
count < 200/pil is a major risk factor for the devel- 
opment of clinical thrush in HIV-infected persons 
( 1 ). 

Although oropharyngeal candidiasis is fre- 
quent in men, recurrent vaginal candidiasis is a 
common early manifestation of HIV infection in 
women. The location and severity of candidiasis in 
women with HIV infection appear to be closely 
associated with the degree of cellular immunode- 
ficiency, based on the peripheral blood CD4 lym- 
phocyte count. In a study of 66 women, 
mucocutaneous candidiasis developed in more 
than half of thewomen over a median of 14 months 
of follow-up; vaginal candidiasis, with a mean CD4 
lymphocyte count of 506/pl, developed only in 10, 
while oropharyngeal candidiasis, with a mean 


count of 230/pl developed in 16, and esophagitis, 
with a mean count of 30/pl developed in nine (5). 

Mucocutaneous candidiasis can be treated 
either topi callyor with systemicantifungal agents 
(1, 6), but such therapy does not eradicate coloni- 
zation (1). Recently, several reports havenotedthe 
failure of azole drugs, particularly fluconazole, to 
treat recurrent cases of oropharyngeal candidiasis 
(1, 7). While factors such as diminishing cellular 
immunity, drug interactions, or decreased drug 
absorption may account for some of these treat- 
ment failures, increasing evidence suggests that 
Candida organisms are developing drug resis- 
tance. 

I n the past, a lack of consensus on the methods 
for performing antifungal susceptibility tests 
made it difficult to establish whether clinical fail- 
ure of antifungal therapy was due to resistance of 
the organism. However, the National Committee 
for Clinical Laboratory Standards (NCCLS) has 
now developed reference methods allowing for 
uniform testing of yeast isolates (8). Using an 
NCCLS method, Sangeorzan et al. found that the 
MIC of fluconazole for Candida isolates increased 
over time among patients who had received flu- 
conazole compared with those who received clotri- 
mazole. Clinical resistance to fluconazole was 
associated with an increased MIC required by the 
i sol ate as wel I as t he pat i ent 's I ow C D 4 1 y mph ocyte 
count (1). These data strongly suggest that conti n- 
ued use of antifungal agents, particularly flucona- 
zole, leads to both clinical treatment failure and 
antifungal resistance, especially in highly immu- 
nodefident patients. 


Cryptococcosis 

ArarediseasebeforetheHIV epidemic, crypto- 
coccosis was identified very early in the epidemic 
as one of the most common life-threatening infec- 
tions in Al DS patients (9). However, issues regard- 
ing its epidemiology and therapy remain 
unresolved. 

A single species, Cryptococcus neoformans, is 
responsible for virtually all clinical cases of cryp- 
tococcosis. The species exists in two varieties, neo- 
formans and gattii, which inhabit different 
ecologic niches. C. neoformans var. neoformans 
has been isolated in many parts of the world from 
numerous sites, most frequently from soil contain- 
ing high amounts of dried bird excreta, particu- 
larly of pigeons and chickens. It has long been 
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presumed that inhalation of soil contaminated 
with such excreta is the most likely source of 
cryptococcal infection. However, few data support 
this hypothesis. In contrast, the only known 
environmental source of C. neoformans var. gattii 
is the river red gum tree (E ucalyptus carnal dul en- 
sis), which grows in rural Australia. Although 
infection due to var. neoformans is worldwide, 
cases due to var. gattii have only been identified 
in tropical and subtropical regions, including ar- 
eas where E. camaldulensis is not found (10). 

Virtually all instances of cryptococcosis among 
HIV-infected persons have been caused by var. 
neoformans. The ubiquity of var. neoformans in 
the environment may be making exposure and 
subsequent infection likely; however, no clear link 
has ever been established between environmental 
sources of C. neoformans and the development of 
cryptococcosis in patients with HIV infection (10). 
In a recent study, Varma and colleagues, using 
genomic probe analysis, could not find a direct link 
between environmental sources of C. neoformans 
and infection in patients with AIDS or a unique 
strain of C. neoformans that was infecting these 
patients (11). Suppression of cellular immunity 
appears to be a critical factor in the development 
of cryptococcosis in H I V-infected patients, withthe 
development of disease rel ati ng di recti y to the risk 
for AIDS and to the CD4 lymphocyte count (12, 
13). 

The appropriate therapy for cryptococcal men- 
ingitis in HIV-infected patients is unsettled at this 
time. The combination of amphotericin B plus 
flucytosine for 4 to 6 weeks has been considered 
standard for patients without HI V infection. How- 
ever, concern about increased toxicity and de- 
creased efficacy (12) has led to a reconsideration 
of this regimen in HIV-infected patients. 

Several studies have exami ned the use of oral 
fluconazole in lieu of amphotericin B for initial 
therapy of cryptococcal meningitis in patients 
with HIV infection. Larsen and col leagues studied 
21 patients and found that amphotericin B plus 
oral flucytosine resulted in fewer clinical failures 
and faster cryptococcal clearance of the cerebro- 
spinal fluid than fluconazole alone (14). A large 
collaborative trial compared results with a rela- 
tively low dose of intravenous amphotericin B to 
those with oral fluconazole and found no signifi- 
cant difference in the overall mortality rate (15). 
However, in this trial, the early mortality rate, 
defined as death within the first 2 weeks of ther- 


apy, was slightly higher, and time to first negative 
CSF culture was somewhat longer among patients 
in the fluconazole group. 

The recurrence of cryptococcosis, even after in- 
itial therapy has rendered the CSF culturesterile, 
is extremely common in HIV-infected patients 
(16); continued antifungal therapy appears to 
reducethe risk for recurrence (12, 16). Fluconazole 
in daily doses has been shown to be effective in 
preventing relapse (16) and is superior to am- 
photericin B in weekly doses (17). 

Current information suggests that therapy for 
cryptococcal meningitis in HIV-infected patients 
should begin with amphotericin B, with or without 
flucytosine. Suppressivetherapy with fluconazole 
should begiven subsequently to prevent a relapse. 
When available, the results of a study sponsored 
by the Mycoses Study Group and AIDS Clinical 
Treatment Group of the National I nstitute of Al- 
lergy and I nfectious Diseases, National I nstitutes 
of Health, should clarify these issues. 


Histoplasmosis, Coccidioidomycosis, and 
Blastomycosis 

Unlike candidiasis and cryptococcosis, infec- 
tions caused by Histoplasma capsulatum, Coc- 
cidioides immitis, and Blastomyces dermatitidis 
are acquired in specific geographic regions. Infec- 
tions due to these fungi were not initially associ- 
ated with HIV infection becausetheHl V epidemic 
in the United States began in the large urban 
areas of the East and West Coasts, outside the 
areas in which these fungi are endemic. As HIV 
infection spread to the Midwest, where histoplas- 
mosis and blastomycosis are endemic, and to the 
Southwest, where coccidioidomycosis occurs, 
these fungi became recognized as major opportun- 
istic agents. 

Histoplasmosis 

H . ca psu I atu m va r. ca psu I at u m ca u ses i nf ect i on 
worldwide and is the organism most associated 
with disease in HIV-infected patients. A few cases 
of histoplasmosis in HIV-infected patients have 
been due to H. capsulatum var. duboisii (18), 
which is found in tropical Africa. In the Western 
H emisphere, infection is concentrated in the east- 
ern United States but is also found in the Carib- 
bean as well as in Central and South America. H . 
capsulatum var. capsulatum is typically isolated 
from soil contaminated with avian or bat excreta, 
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and a number of epidemics among persons with- 
out HIV infection have been associated with dis- 
ruption of contaminated soil. 

Most cases of histoplasmosis in patients with 
HI V infection have occurred within the recognized 
area for endemicH . capsulatumin North America, 
the Ohio and Mississippi River valleys. However, 
within that area, great variability has been seen 
in the incidence of disease, with most cases being 
reported from a single city, Indianapolis, Indiana 
(19, 20). Since 1978, Wheat has recorded several 
outbreaks of histoplasmosis in that city, mostly 
centered in areas where active construction led to 
soil disruption. In the most recent outbreak, pa- 
tients with Al DS accounted for more than 50% of 
the culture-proven cases of histoplasmosis (21); 
these data suggest that many of these cases rep- 
resent new infection dueto recent exposure rather 
than reactivation of latent disease. 

Cases of histoplasmosis and HI V-infection have 
also been reported well outside the recognized 
histoplasmosis-endemic areas (22, 23). In some 
instances, these cases represent reactivation of 
infection acquired during residence in or travel to 
disease-endemic regions. I n other instances, they 
appear to represent acute infection after disrup- 
tion of microfoci of H . capsulatum that exist out- 
side the recognized disease-endemic areas (19). 

Patients with progressive disseminated histo- 
plasmosis, the most common form of disease 
among HIV-infected persons, usually have fever, 
malaise, and weight loss over a period of weeks. 
Diagnosis is often established by isolating the 
fungus from respiratory secretions, blood, or bone 
marrow, but detecting Histoplasma capsulatum 
var. capsulatum polysaccharide antigen (HPA) in 
the serum or urine is also helpful (19). 

Amphotericin B therapy is usually effective for 
progressive disseminated histoplasmosis in pa- 
tients with HIV infection. Itraconazole may be 
useful for less severecases (24). H owever, relapses 
are extremely common when therapy is stopped 
(19, 25), and maintenance therapy with intermit- 
tent amphotericin B (25) or with itraconazole (26) 
is required to prevent this. Fluconazole is less 
effective but can be used by those who cannot 
tolerate amphotericin B or itraconazole (27). 
Urine and serum HPA levels decline with success- 
ful therapy and can be useful in determining a 
patient's response to therapy as well as assessing 
a patient for relapse (26-28). 


Coccidioidomycosis 

Within the disease-endemic area (U.S. South- 
west), coccidioidomycosis is one of the most fre- 
quent opportunistic infections in persons with 
Al DS (29). I n a prospective study in Tucson, Ari- 
zona, active coccidioidomycosis developed in 25% 
of a cohort of HIV-infected patients over a 41- 
month period (30). The major risk for developing 
disease was immunosuppression, as manifested 
by a CD4 lymphocyte count below 250/pl, a diag- 
nosis of Al DS, or anergy indicated on control skin 
tests. Length of ti me i n the disease-endemic area, 
a history of prior coccidioidomycosis, and a posi- 
tivecoccidioidal skin test were not associated with 
the development of active coccidioidomycosis. 
These data suggest that most coccidioidomycosis 
cases among H I V-i nfected persons i n a disease-en- 
demic area are recently acquired and not due to 
reactivation of latent infection. However, as with 
histoplasmosis, in asmall number of HIV-infected 
patients, previously acquired infection is reacti- 
vated, and clinical coccidioidomycosis develops 
while the patient is residing outside the disease- 
endemic area (29). 

Despite recent outbreaks of coccidioidomycosis 
in the San J oaquin Valley and in Northridge, 
California (31, 32), most cases of coccidioidomy- 
cosis among HIV-infected patients have been re- 
ported from Arizona, particularly the 
metropolitan areas of Phoenix andTucson (30, 33). 
Whether this represents underreporting of dis- 
ease in California or a true increase in incidence 
in Arizona is unknown. 

Most H I V-i nfected patients with coccidioidomy- 
cosis seek treatment for pulmonary disease. In 
many, chest radiographs show a diffuse, reticu- 
lonodular pattern. Approximately 70%of patients 
with this pattern die within 1 month despite anti- 
fungal therapy (30, 33). I n fact, this radiographic 
pattern may mimic that seen with Pneumocystis 
carinii pneumonia (34). Sites of dissemination fre- 
quently seen in patients without HIV infection, 
such as skin, soft tissue, bone, joi nt, and meni nges, 
appear less common among patients with HIV 
infection (30, 33). Serologic tests can be useful in 
diagnosing coccidioidomycosis in HIV-infected pa- 
tients, although they are more I i kely to have nega- 
tive results than patients without HIV infection 
(35). On the other hand, a positive coccidioidal 
complement-fixation serologic test result in an 
HIV-infected patient, even in the absence of 
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clinical illness, predicts impending active coc- 
cidioidomycosis (36). 

Comparative trials regarding the therapy of 
coccidioidomycosis in HIV-infected patients have 
not been carried out. For severe disease, such as 
for diffuse, reticulonodular pneumonia, am- 
photericin B is recommended. However, for less 
fulminant infection, fluconazole has been effec- 
tive. As with cryptococcosis and histoplasmosis, 
life-long maintenance therapy with an oral azole 
is recommended, although relapses have occurred 
despite this. 

Blastomycosis 

Blastomycosis istheleast common of the three 
endemic mycoses in North America among pa- 
tients with HIV infection; fewer than 25 cases 
have been reported. Only recently has an environ- 
mental link been established for infection, when 
the organism was isolated from riverbank soil in 
association with an outbreak (37). 

Pappas and col leagues have published the larg- 
est series of cases associated with HIV infection, 
consisting of 15 patients from 10 medical centers 
(38). Ten of the 15 cases were reported from sites 
within the known disease-endemic area, the mid- 
western and southeastern U nited States, and the 
other five patients had resided within the disease- 
endemic area at some time before the diagnosis. 
Most patients were clinically immu nodeficient at 
the time of diagnosis and had either chronic pul- 
monary infection or disease disseminated beyond 
the lungs, including meningitis. In all but one 
case, the diagnosis was established by culture of 
B. dermatitidis, whereas results of serologic tests, 
when performed, were uniformly negative. Both 
amphotericin B and ketoconazole were used suc- 
cessfully as therapy in the series. 

Aspergillosis 

Although disseminated aspergillosis was origi- 
nally listed as an infection at least moderately 
predictive of Al DS, it was removed from the list in 
1984 because only three cases had been reported 
among 1,762 patients (39). However, over the last 
5 years, the number of cases of invasive aspergil- 
losis among HIV-infected patients has dramati- 
cally increased (40-44); more than 75 cases now 
have been documented. The largest series, con- 
taining 33 patients, was reported by Lortholary 
and colleagues from F ranee (43). All patients had 
AIDS and a median CD4 lymphocyte count of 


27/pl. About half the patients had the traditional 
risk factors for invasive aspergillosis (neutropenia 
or corticosteroid use) at the time of diagnosis. 
Culture of fluid from bronchoalveolar lavage was 
positive in all cases in which it was done; A. 
fumigatusgrew in 29 of 31 patients. I n this study, 
isolating the fungus from bronchoalveolar lavage 
fluid correlated with histologic evidence of inva- 
sive aspergillosis in 14 of 15 patients. 

I n all series, the death rate has been extremely 
high despitetherapy. I ntravenous amphotericin B 
has been used most often for treatment, but itra- 
conazole has been tried in some instances (40, 43). 
I n a recent study of the use of itraconazolefor the 
treatment of invasive aspergillosis in a variety of 
patients, therapy was unsuccessful in all 16 pa- 
tients with AIDS and aspergillosis (45). In seven 
of these, either toxicity to the drug developed or 
clinical symptoms worsened while they were re- 
ceiving itraconazole; nine died, two directly of 
aspergillosis and seven of other causes. 

If the incidence of aspergillosis is increasing 
among HIV-infected patients, the factors associ- 
ated with this increase remain unclear. The iden- 
tified risk factors for aspergillosis have no doubt 
increased among HIV-infected patients in thelast 
decade with the use of such drugs as zidovudine 
and ganciclovir, which are associated with neu- 
tropenia, and corticosteroids for the treatment of 
severe Pneumocystis carinii pneumonia and other 
conditions. Others have postulated that prior 
pneumonia, which may result in diminished 
macrophage function (43) and contaminated air, 
inhaled during marijuana smoking (40), may also 
play a role. F urther studies are needed to clarify 
this. 


Penicilliosis 

Piehl and colleagues reported the first case of 
infection duetoPenicillium marndfei in an Al DS 
patient in 1988 when they described a patient in 
Chicago with persistent fever, anorexia, and a 
papular skin rash. Thepatient's travel history was 
not given. Blood, bone marrow, sputum, and skin 
biopsy specimen cultures all grew P. marndfei. 
The patient responded to therapy with am- 
photericin B, but relapsed once the therapy was 
discontinued (46). 

Si nee that report, the number of reported cases 
among HIV infected patients has risen rapidly, 
particularly in association with the HI V epidemic 
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in Thailand. I n a series of 80 patients reported by 
Supparatpinyoand colleagues (47), most patients 
were men fromtheChiang Mai province of north- 
ern Thailand. The most common characteristic in 
these patients was a generalized papular rash; 
some of the lesions had central u bi I i cation remi- 
niscent of molluscumcontagiosum. Diagnosis was 
usually established by examining Wright-stained 
samples of bone marrow aspi rates or touch smears 
of skin biopsy specimens. 

Treatment with amphotericin B has been suc- 
cessful in most patients. Itraconazole and flucona- 
zole may also be useful. The mortality rate 
appears most related to a delay in diagnosis. Re- 
lapse is common once therapy is stopped (48); 
therefore, antifungal therapy should be life-long 
in the H I V-infected patient with penicilliosis. 

In northern Thailand, penicilliosis is now the 
third most common opportunistic infection (after 
tuberculosis and cryptococcosis) among HlV-in- 
fected persons (48). Given that P. marneffei ap- 
pears endemic in Southeast Asia, penicilliosis can 
be expected to become an even larger problem as 
theHIV epidemic continues to expand in this part 
of the world. 


Prevention of Fungal Infections in HIV-Infected 
Patients 

With the rise of fungi as opportunistic patho- 
gens among patients infected with HIV and with 
the success of preventive therapy for other oppor- 
tunists, such as P. carinii, primary prevention of 
fungal disease in HIV-infected patients should be 
pursued. The goal of any such prevention would 
be to increase both the length and the quality of 
the patient’s life. 

Since the availability of the oral azoles, using 
antifungal agents to prevent fungal diseases in 
HIV-infected patients has become a promising ap- 
proach. However, several questions must be con- 
sidered before antifungal chemoprophylaxis is 
used (49). Istheprevalenceofdiseasehigh enough 
to make the drug useful in most patients? I s the 
efficacy of the drug in preventing disease suffi- 
cient? Does the therapy induce the development of 
drug resistance? I sthecost of thedrug reasonable? 
Finally, does the drug have an acceptable toxicity 
profile, and does it interact or interfere with the 
metabolism of other drugs? 

Few answers to these questions are available. 
In a recently published prospective, randomized 


study comparing fluconazole to topical clotrima- 
zole (13), fluconazole was significantly better than 
clotrimazole in preventing oropharyngeal and 
esophageal candidiasis as well as cryptococcal 
meningitis. The benefit of fluconazole was great- 
est among patients whose CD4 lymphocyte count 
was < 50/pl . H owever, 10% of the patients had at 
least one episode of candidiasis while taking flu- 
conazole, which suggests drug resistance. More- 
over, the overall and fungal-disease-related death 
rates were no different between the two groups. 
Given the present data, further studies will be 
needed before the issue of primary prevention of 
fungal disease through chemoprophylaxis is set- 
tled (50). 

Dr. Ampel is an associate professor of 
med i ci n e at the U n i versi ty of A r i zon a C ol I ege of 
Medici neand director of HIV Clinical Services 
at the Tucson Veterans Affairs Medical Center. 
His research focuses on the immune response in 
coccidioidomycosis. 
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An Outbreak of Ross River Virus Disease 
in Southwestern Australia 


More than 540 serologically confirmed cases of 
Ross River (RR) virus disease have been reported 
from the southwest region of Western Australia 
since November 1995 (Figure 1). Most affected by 
the mosquito- borne disease are communities on 
the Swan Coastal Plain south of Perth. Cases have 
also been reported from towns farther south or 
inland and from Perth itself. These regions were 
foci of RR virus activity during previous southwest 
outbreaks in 1988-89 and 1991-92 (1,2); however, 
the current outbreak differs somewhat in the tim- 
ing and location of virus activity. This article is a 
preliminary overview of the incidence of disease, 
mosquito and virus activity, and environmental 
conditions before and during the outbreak. 

Monitoring of the incidence of human disease 
provided no indication of abnormally high levels 
of RR virus activity until mid-December 1995 
when the number of reported cases began to rise 



1995 1996 


Figure 1. Serologically confirmed cases of Ross River 
virus disease, by month of onset, in the southwest of 
Western Australia, J uly 1995 to February 1996, as 
reported by doctors to the Health Department of 
Western Australia (when possible, case follow-up 
questionnaires were administered by environmental 
health officers from relevant local authorities). Only a 
small number of cases diagnosed by state and private 
laboratories, although the patient was not notified, 
have been included. Consequently, the number of cases 
shown isalmostcertainlyan underestimate of the true 
number of serologically confirmed cases. Almost 65% of 
cases have dates of onset in J anuary 1996. However, 
further notifications and analysis of follow-up 
questionnaires that have not yet been carried out for 
manyj anuary/February cases may alter this pattern. 
Previous southwest outbreaks also peaked in J anuary 
or February but were considerably less acute. 


sharply. I n contrast, monitori ng of mosquito breed- 
ingsites, adult mosquito populations,andenvi ron- 
mental conditions in late October and November 
1995 showed a potential for high levels of virus 
transmission. 

The areas affected most, in terms of numbers of 
cases and attack rates (not shown), are coastal 
towns and communities around the Leschenault 
Inlet (i nduding the city of B unbury), between 165 
and 190 km south of Perth and in the shires of 
Capel and Busselton, as well as on the coast be- 
tween 190 and 245 km south of Perth (Table 1). 
These regions are popular tourist destinations 
during thesummer holidays. It appears that many 
holiday-makers from elsewhere in the southwest, 
as wel I as local residents, were exposed to i nfected 
mosquitoes in these regions during the Christ- 
mas-New Year period. 

Many of the Perth cases are from semi rural, 
outlying suburbs, but some are from suburbs 
closer to the city center, often near the Swan and 
Canning rivers or fresh water wetlands and lakes. 
Follow-upquestionnaires indicatethat a consider- 
able proportion of metropolitan cases were in per- 
sons exposed in the southwest, particularly in the 
Leschenault, Capel, and Busselton regions. How- 
ever, many cases from Perth also appear to have 
been I ocal I y acqui red. L oca 1 1 y acqui red cases were 
also present during the two previously reported 
outbreaks. 

Many cases have also been reported from the 
Peel region, 70 km to 130 km south of Perth, 
surrounding the Peel Inlet and Harvey Estuary. 
However, considerably more cases had been re- 
ported by late February in the Peel region during 
the 1988-89 and 1991-92 outbreaks. Also, during 
1988 and 1991 virus activity in the Peel outbreaks 
commenced earlier than in the Leschenault and 
Capel-Busselton regions; this is apparently not 
thecaseduringthecurrent outbreak (Table 1). The 
reasons for these differences are not yet clear, but 
extensive control of saltmarsh mosquito breeding 
has been carried out in the Peel region this season. 

Large saltmarshes and brackish wetlands in 
the Peel, Leschenault, Capel, and Busselton re- 
gions provide an ideal breeding habitat for Ae 
camptorhynchus mosquitoes (5,6). This species is 
the major vector of RR virus in the southwest of 
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Table 1. Cases of Ross River virus disease, by month of onset and geographic 
region, in the southwest of Western Australia, J uly 1995 to February 1996 a 


Southwest region 

Jul 

Aug 

Sep 

Oct 

Nov 

Dec 

j an 

Feb 

Totals 

M etro. area 

1 

1 



6 

23 

99 

17 

147 

Peel 


1 

3 

1 

1 

8 

34 

9 

57 

Leschenault 

2 



1 

3 

9 

114 

30 

159 

Capel /Busselton 




2 

1 

26 

73 

20 

122 

1 nl and/south coast 


2 


1 

2 

3 

30 

27 

65 

North/east of Perth 



1 

4 

2 


5 

3 

15 

Totals 

3 

4 

4 

9 

15 

69 

355 

106 

565 


a Cases are recorded by region in which exposure most likely occurred, where available (from case 
follow-up questionnaires), or by region of residence. Data are incomplete. Case follow-up questionnaires 
are available for many J anuary/February cases but have not yet been analyzed, and most pathology 
laboratory reports (nonnotified serologically confirmed patients (i.e., figures represent underestimate of 
true number of confirmed cases) are not included. 


Western Australia. Surveillance during previous 
outbreaks has clearly shown that the risk for RR 
virus transmission in coastal regions of the south- 
west increases markedly if large populations of 
adult Ae camptorhynchus persist into late spring 
and summer (1,2). Adult mosquito populations 
and RR virus activity are monitored routinely by 
our laboratory at up to 40 sites between Rocking- 
ham and Dunsborough (50 km to 260 km south of 
Perth) each fortnight through spri ng and summer. 

I n addition, saltmarsh mosquito breeding sites are 
regularly monitored by local authorities and the 
health department. 

Widespread breeding of Ae camptorhynchus 
(larvae) was observed in the Capel— Busselton 
region in I ate October 1995 and prompted a health 
department warning of an increased risk for RR 
virus transmission in the southwest. However, 
almost no activities to control mosquito larvae 
werecarried out in the worst-affected regions.The 
adult mosquito monitoring program subsequently 
showed that extremely large populations of 
Ae camptorhynchus survived through November 
and December. (Figures 2 and 3). The number of 
mosquitoes collected per trap per night in the 
Capel -Busselton region during November and 
December 1995 (up to 10,000 mosquitoes per trap 
at some sites) is unprecedented in the 5 years of 
surveillance in the region. Similar results were 
obtained in the Leschenault region where the 
number of Ae camptorhynchus mosquitoes col- 
lected during December 1995 and J anuary 1996 
were similar to those observed duri ng the 1991- 92 
outbreak. These observations, along with the 
expected seasonal exodus of city dwel lers to these 
areas during the Christmas holidays, prompted a 


second warni ng by the health depart- 
ment in December 1995. 

Fourteen isolates of RR virus were 
obtained from Ae camptorhynchus 
mosquitoes collected at a major wet- 
land west of Busselton on December 
7, 1995 (Figure 3). Large popula- 
tions of potential vertebrate hosts 
(western gray kangaroos, Macropus 
ful igi nosus) were also observed in 
close proximity to this site through- 
out thespring and summer. Casefol- 
low-upquestionnaires indicatethata 
large percentage of Busselton pa- 
tients were exposed in this locality. 

The last time RR virus was isolated 
from this site was during the 1991-92 outbreak in 
the region. 

Mosquito populations in the Capel- Busselton 
region (Figure 3) and most areas of the Les- 
chenault region dropped rapidly by mid-J anuary 
1996. However, further cases with dates of onset 
in February have been reported (Table 1), which 
suggests a high infection rate in the remaining 
adults. The results of processing of adult mosqui- 
toes collected in February are, therefore, eagerly 
awaited. 

Several isolates of RR virus were also obtained 
from mosquitoes collected in the Peel region (Table 
2). The recent isolations from Ae vigilax are of 
particular concern. This species is regarded as the 
major vector of RR virus in coastal areas of north- 
ern and eastern Australia (3,4), but until now it 
has had little or no role in transmitting RR virus 
in the southwest (1,2). Ae vigilax has become the 


— ■ — Total mosquitoes 
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Figure 2. Mean number of adult mosquitoes (total 
population and dominant species) and isolations of 
Ross R i ver vi r us from mosqu i toes at Ca pel - B u ssel t on 
region, wetland site, January 1994toApril 1995. 
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Table 2. Isolations of Ross River (RR) virus from mosquitoes 
collected in the Peel region: 1995-96 season 


Date 

Species 

Isolates of RR virus 

14-Sep-95 

Ae camptorhynchus 

1 

24-Oct-95 

Ae camptorhynchus 

2 

7-Dec-95 

Aecamptorhynchus 

1 

27-Dec-95 

Ae camptorhynchus 

5 

15-J an-96 

Ae camptorhynchus 

2 

15-J an-96 

Ae vigil ax 

3 


dominant species in the Peel region between De- 
cember and M arch sincetheopeningoftheDawes- 
vi I leChannel.This mosquito is a vicious biter, even 
during the day if weather conditions are suitable, 
and is known to disperse considerable distances 
from breeding sites. Thus, the potential for inter- 
action between infected mosquitoes and humans 
in the Peel region may be greater and occur over a 
wider area than originally thought. 

Analyses of environmental conditions before 
and during the outbreak are not yet complete. 
However, record-high daily rainfall was recorded 
in October at numerous centers in the southwest. 
Above-average rainfall occurred in November in 
Perth and Mandurah and in December in Man- 
durah, Banbury, and Capel-Busselton. These were 
accompanied by above-average October and No- 
vember temperatures at many southwest centers. 
A series of extremely high tides was also recorded 
along the Peel-Leschenault region coast around 
December 20. This resulted from unusually early 
cyclonic activity (three cyclones) along the north 
and west coasts of Western Australia during 
December. Clearly, a combination of some or all of 
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Figure 3. Mean number of adult mosquitoes (total 
population and dominant species) and isolations of 
Ross River virus from mosquitoes at Capel-Busselton 
region, wetland site, J anuary 1995 toj anuary 1996. 


these factors enabled widespread breeding and 
survival of vector mosquito species. Late spring 
and summer rains, a short-term rise in sea level 
(accompanied by higher tides), and mild spring 
and summer temperatures were predisposing fac- 
tors during previous outbreaks in the southwest 
(2,4). 

Preliminary analysis of the location of virus 
activity (measured as either human cases or iso- 
lationsfrom mosquitoes) shows that activity isfar 
less likely in regions in which virus activity was 
detected in the previous season. Thus, length of 
time since the previous outbreak also appears to 
be a predisposing factor for higher levels of virus 
activity in the southwest. The reason for this is not 
yet known but may be due to higher levels of 
immunity in recently infected populations of en- 
zootic or amplifying vertebrate hosts. This may 
help explain the comparatively reduced numbers 
of cases in the Peel region this season following 
moderate levels of virus activity last year, which 
coincided with the opening of the Dawesville 
Channel. 

Asmall number of cases of Bar mah Forest virus 
infection have been diagnosed during the current 
outbreak. Numerous cases of a RR virus-like dis- 
ease have al so been reported, as i n the 1988-89 and 
1991-92 outbreaks. Serum from these patients has 
been tested for I gM antibody to RR and Barmah 
Forest viruses but is negative for both viruses. 
Some of these cases may be in persons that had 
not seroconverted at the time of the first blood 
sample. However, many have since provided fur- 
ther samples, all of which have had negative test 
results. Sera from these patients are being tested 
against a wide range of other Australian ar- 
boviruses, and more blood samples will besought 
to ensure that the phenomenon is not due to an 
extremely delayed immunologic response to RR 
virus. 
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Invasive Penicillin-Resistant Pneumococcal Infections: 
A Prevalence and Historical Cohort Study 


More than 25 years ago, isolates of Streptococ- 
cus pneumoniae were uniformly susceptible to 
penicillin. However, since a penicillin-resistant 
pneumococcus was first identified in 1967 (1), the 
incidence of penicillin-resistant S. pneumoniae 
(PRSP) strains has been gradually increasing. I n 
certain areas of the United States, PRSP strains 
have become widespread; Alaska has the highest 
reported prevalence, 26% (2); a recent study con- 
ducted in Atlanta, Georgia, found a 25% preva- 
lence of PRSP (3). Outside the United States, an 
even higher (33%-58%) prevalence of PRSP has 
been reported (2). 

Pneumococcal infections area leading cause of 
morbidity and mortality in the United States. S. 
pneumoniae causes more than 500,000 cases of 
pneumonia, 55,000 cases of bacteremia, and 6,000 
cases of meningitis annually, which result in 
40,000 deaths (4). The death ratefrom pneumococ- 
cal bacteremi a approaches 30%, despite the use of 
appropriate antimicrobial therapy (5). Reports of 
refractory illness due to resistant pneumococci 
demonstratethe clinical relevance of these strains 
(6,7). Identifying risk factors in the development 
of PRSP infections is important for both the pre- 
vention and treatment of these infections. 

The prevalence of invasive infections due to 
PRSP was previously studied in Denver, Colorado 
(8,9). We undertook the study described here to 
determine the prevalence of invasive PRSP infec- 
tions in the Colorado Front Range and to deter- 
mine whether invasive PRSP infections have 
increased in metropolitan Denver si ncetheearlier 
studies. I n addition, westudied a cohort of patients 
who had invasive pneumococcal disease during 
1994 in metropolitan Denver to ascertain risk 
factors for invasive PRSP infections. 

Twenty-six hospital microbiology laboratories 
in the Colorado Front Range, which comprises the 
10 largest counties in Colorado and 80% of the 
state's population (10), submitted to the Colorado 
Department of Public Health and Environment 
reports of all blood and cerebrospinal fluid (CSF) 
isolates of S. pneumoniae that were tested for 
penicillin susceptibility during 1994. (Penicillin 
susceptibility testing on invasive pneumococcal 
isolates was standard practice for the laboratories 
and did not depend on a clinician's request.) For 


the part of the study that assessed prevalence, 
penicillin resistance was defined as a minimum 
inhibitory concentration (MIC) of > 0.12 pg/ml or 
an oxacillin zone of inhibition <20 mm. Isolates 
that were tested by an MIC method were further 
cl assi f i ed as i nter med i at el y (0 . 12 pg/ml - 1 . 0 pg/ml ) 
or highly (> 2.0 pg/ml) penicillin resistant. For the 
part of the study i n which thecohort was analyzed, 
only isolates that were confirmed as penicillin 
resistant (i.e., MIC > 0.12 pg/ml) by either broth 
dilution or the E test (AB Biodisk, North America, 
Inc., Culver City, California) were included. Data 
for the cohort study were col lected by chart review 
by the principal investigator, and telephone inter- 
views of patients were conducted by trai ned i nter- 
viewers in the Health Statistics Survey Research 
U nit of the Colorado Department of Publ ic H ealth 
and Environment. For patients under 18 years of 
age, a parent or legal guardian was interviewed. 
When patients had died, a relative of the patient 
(if available) was interviewed. 

I nvasive pneumococcal infections werefound in 
363 patients in the Colorado Front Range; 49 
(13%) of the i nfections were resistant to pen id Min. 

I n metropolitan Denver, 29 (14%) of the invasive 
pneu mococca I i nfect i ons were pen i ci 1 1 i n-resi stant, 
of which 20 (69%) were intermediately penicillin- 
resistant (i.e., MIC 0.12-1.0 pg/ml), and 9 (31%) 
were highly penicillin-resistant (i.e., MIC > 2.0 
pg/ml). This prevalence rate of invasive PRSP 
infections is significantly higher than the pre- 
viously reported rates in Denver of 1% (8) and 7% 
(9). Previous surveillance of invasive PRSP iso- 
lates showed that one region in the U nited States, 
which included Colorado, had a significantly 
higher rate of penicillin resistance among pneu- 
mococcal isolates than other U.S. regions (11). 

Half of the PRSP strains in thecohort part of 
the study that were tested for cephalosporin sus- 
cepti bi I i ty were resi stant to an extended-spectrum 
cephalosporin. Our results are similar to the re- 
cent Atlanta study which found that 34% to 54% 
of PRSP infections were resistant to an extended- 
spectrum cephalosporin (3). These rates are much 
higher than other reported rates of cephalosporin 
resistance among PRSP isolates of 27% in Ken- 
tucky and 25% in Tennessee, (12). This has impor- 
tant implications for the management of invasive 
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PRSP infections, especially in meningitis, where 
MICs of R-lactam antibiotics in the cerebrospinal 
fluid may be less than the Ml Cs of G-lactam anti- 
biotics in the blood (13). The Centers for Disease 
Control and Prevention recommends that in areas 
where pneumococcal resistance to cephalosporins 
is high, empiric therapy with vancomycin plus an 
extended-spectrum cephalosporin should be con- 
sidered in all cases of meningitis potentially 
caused by S. pneumoniae; until the results of cul- 
ture and susceptibility testing are available (14). 

Table. Demographic and clinical characteristics of patients with invasive penicillin-resistant 
S. pneumoniae ( PRSP) and penicillin-sensitive S. pneumoniae (PSSP) infections 



PRSP; 

PSSP; 

Odds ratio 


n =29 (%) 

n = 180 (%) 

(95% confidence 
interval) 

Demographic characteristics 




Age, years 




<5 

11 (38) 

39 (22) 

1.9 (0.4-9. 1) 

5-64 

8(28) 

93 (52) 

Reference 

>64 

10 (34) 

48 (27) 

1.9 (0.5-7. 1) 

Sex 




Male 

12 (41) 

104 (58) 

Reference 

Female 

17 (59) 

76 (42) 

1.8 (0.6-5. 4) 

Race 3 




White 

16 (55) 

100 (56) 

Reference 

Nonwhite 

11 (38) 

68 (38) 

1.4 (0.5-3. 9) 

Clinical characteristics 




Site of infection 




Blood 

26 (90) 

171 (95) 

Reference 

CSF 

3(10) 

9(5) 

0.8 (0.1-5. 1) 

Underlying medical 

14 (48) 

108 (60) 

1.0 (0.3-3. 2) 

condition 
Antibiotic use b 

14 (52) 

56 (39) 

2.5 (0.9-7. 1) 

No history of 

26 (90) 

163 (91) 

0.7 (0. 1-3.4) 

penicillin allergy 0 
Previous hospital ization d 
Day-care attendance 

5(19) 

33 (23) 

0.3 (0.1-1. 5) 

Patients <11 years 0 

5(50) 

19 (50) 

1.1 (0.4-2. 7) 

Household member(s) f 

7(26) 

10(7) 

8.1 (2.2-30.7) 

Residence in a long-term 




care facility 
(patients >64 years) 9 

2 (20) 

13 (27) 

0.7 (0. 1-3.6) 

Hospital-acquired 

infection 

Outcome 

1(3) 

8(4) 

0.4 (0.04-4.9) 

Survived 

25 (86) 

156 (87) 

Reference 

Died 

4(14) 

24 (13) 

1.6 (0.4-6. 3) 


5 Missing information on 2 PRSP and 12 PSSP patients. 


Includes patients who had taken an antibiotic in the 3 months before illness; missing information on 2 PRSP and 36 
PSSP patients. 

c Missing information on 1 PSSP patient. 

d Patients who were hospitalized in the 3 months before illness; missing information on 2 PRSP and 34 PSSP patients. 
e Children < 11 years of age who attended day care in the 3 months before illness; children < 11 years of age, N =56 
(PRSP =12, PSSP =44); missing information on 2 PRSP and6 PSSP patients. 

f Patients with at least 1 child <11 years of age (excluding the patient) in the household who attended daycare in the 3 
months before illness; missing information on 2 PRSP and 39 PSSP patients. 

9 Adults > 64 years of age who resided in a LTC facility in the 3 months before illness; adults > 64 years of age, N =58 
(PRSP =10, PSSP =48). 


A number of studies have addressed theclinical 
relevance of PRSP infections and have attempted 
to identify predictive factors for the development 
of these infections. In our analysis of the demo- 
graphic and clinical characteristics of the study 
population (Table), we found that day-care atten- 
dance by a member of the patient's household in 
the 3 months before the patient's illness was asso- 
ciated with invasivePRSP infections. I ndeed, 26% 
of patients with PRSP infections, compared with 
7% of pat i ents with pen i ci 1 1 i n-sensi t i ve i nfecti ons, 
had at least one member i n 
their household, excluding 
the patient, who had been 
attending a day-care cen- 
ter before becomi ng i 1 1 . 

This study is unique in 
that, to our knowledge, day- 
care attendance among 
household members of pa- 
tients has not been studied. 
Even though most studies 
have not specifically con- 
sidered family members as 
a potential mode of PRSP 
transmission, rates of na- 
sopharyngeal carriage of 
PRSP are significantly 
higher in family contacts of 
children colonized with 
PRSP who were attending 
day-care centers (7, 15). 

Our finding that pa- 
tients with PRSP infec- 
tions were more likely to 
have had a child in their 
household who had at- 
tended day-careduringthe 
months before their illness 
suggests that day-care set- 
ti ngs may serve as foci for 
spreading resistant pneu- 
mococcal strains. Antibiot- 
ics are extensively used to 
treat upper respiratory in- 
fections that children at- 
tending day-care centers 
often have; the practice of 
administering a prolonged 
cou rse of prophyl acti c anti - 
biotics to children with 
recurrent otitis media who 
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attend day-care centers (16) may promote the se- 
lection of resistant bacteria in these settings (6, 
15). These children may subsequently transmit 
resistant S. pneumoniae to susceptible persons in 
their households. Thus, patterns of antibiotic 
treatment of children who attend day-care centers 
may expl ai n why day-care attendance mi ght faci I i - 
tate PRSP transmission. The likelihood that day- 
care settings may serve as reservoirs for 
antibiotic-resistant pneumococci indicates that 
the efficacy of prophylactic antibiotics for otitis 
media should be reassessed, especially when 
PRSP is present in a community. 

Furthermore, carriage of or infection with 
PRSP has been associated with recent use of anti- 
biotics (17). Our study showed that patients with 
PRSP infections were more likely to have taken an 
anti biotic in the 3 months before their illness than 
patients with penicillin-sensitive pneumococcal 
infections. This finding supports the theory that 
antibiotic resistance has developed because of the 
widespread availability and use of antibiotics. 
Si nee the beginning of the antibiotic era 50 years 
ago, it has been well recognized that antibiotics 
have been and conti nue to be i nappropri ately used 
(18). 

The emergence of drug-resi stant S . pneu mon i ae 
emphasi zes the i mportanceof fol I owi ng the recom- 
mendation of the Immunization Practices Advi- 
sory Committee that all persons 2 years of age and 
older who are at high risk for pneumococcal dis- 
ease receive the 23-valent pneumococcal capsular 
polysaccharide vaccine. Because of its lack of im- 
munogenicity and efficacy, the pneumococcal vac- 
cine has not been licensed for children under 2 
years of age (14). The high prevalence of PRSP 
among young children (3, 17), and the potential for 
these children to transmit PRSP to susceptible 
persons, underscorethe need for an effective pneu- 
mococcal vaccine for this age group. 

Antimicrobial resistance contributes to in- 
creased morbidity, mortality, and health carecosts 
(19). The solution lies in changing antibiotic pre- 
scribing patterns, changing patient attitudes 
about the necessity of antibiotics, increasing sur- 
veillance of drug-resistant organisms, improving 
techniques for antibiotic susceptibility testing, 
and investing in research and development of 
newer antimicrobial agents. 
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Nosocomial Transmission of Multidrug-Resistant 
Mycobacterium tuberculosis in Spain 


Before 1990, outbreaks of multidrug-resistant 
tuberculosis (MDRTB) were uncommon (1); since 
then, morethan 10 outbreaks have been reported, 
all in hospitals and prisons in the eastern United 
States (2-7). Persons traditionally considered at 
risk for MDRTB (foreign-born TB patients and 
those inadequately treated for TB) have not been 
associated with these outbreaks. I nstead, the pres- 
ence of patients with activeTB near immunocom- 
promised patients in HIV-dedicated wards has led 
to MDRTB -infected HIV patients whoseTB cases 
often go unrecognized. The patients receive inade- 
quatetreatment in facilities without effective pro- 
cedures for isolating acid-fast bacilli; these 
circumstances favor nosocomial transmission. 
Health officials in other geographic areas where 
HIV andTB are major public health threats have 
been alerted to this emerging problem, and sur- 
veillance systems have been designed (8). 

Spain has the highest reported incidence rate 
of Al DS in Europe(143.4casesper million in 1994) 
(9). Although in Spain TB is not notifiable at the 
national level, reported rates in the autonomous 
community of Madrid for 1994 were among the 
highest in Europe (33.5/100,000) (10). During a 
45-month period starting in September 1991, a 
number of patients and one health care worker 
became infected with M DRTB in a 120-bed, infec- 
tious disease reference hospital in urban Madrid. 
In May 1995, the Field Epidemiology Training 
Program of the Spanish Ministry of Health was 
i nvited to assist the M adrid Department of H ealth 
and hospital officials in investigating the out- 
break. This report describes the findings of the 
epidemiologic and molecular laboratory investiga- 
tion and analyzes risk factors associated with the 
outbreak. The study was designed in three parts: 

1) a description of the reported MDRTB cases, 
including a laboratory investigation of isolates; 

2) a case-control study comparing HIV-infected 
patients who also had MDRTB to HIV-infected 
patients whodid not have MDRTB; and 3) a study 
of tuberculin conversion among hospital employ- 
ees. 

We reviewed the medical records and labora- 
tory sped men testi ng results of a series of patients 
with MDRTB in the HIV-dedicated ward of the 
hospital for J anuary 1991 through J une 1995. 


Cases were defined as patients with culture-con- 
firmed TB and drug resistance to at least rifampin 
and isoniazid and with no previous history of 
inadequate treatment. Demographic and clinical 
va r i a bl es were col lectedtocharacterizetheclu ster. 
Drug susceptibility testing and DNA subtyping 
analysis were performed with resistant strains 
available at the time of the study. Drug suscepti- 
bility testing was performed by the method of 
proportions in Middlebrook 7H 11 medium distrib- 
uted in petri pi ate compartments (reference). 

All 48 reported cases of isoniazid and rifampin 
resistance were among H I V-infected patients hos- 
pitalized i n the H I V-dedicated ward from Septem- 
ber 15, 1991, to May 1995. One patient was an 
H I V-i nfected nurse who worked on the ward from 
1990 to 1994. The mean age of patients was 34.1; 
81.3% were male, and 66.6% were intravenous- 
drug users (Table 1). Of the 47 (97.9%) who died, 
the mean interval from diagnosis to death was 
77.6 days. 

The epi demi ol ogi c cu rve suggests a propagated 
transmission pattern of MDRTB amongHIV ward 
patients, starting in 1991 and continuing until 
J une 1995 (Figure 1). Bythefirst6monthsof 1995, 
65% of Mycobacterium tuberculosis strains seen 
among HIV ward patients were multidrug-resis- 
tant. 


Table 1. MDRTB patient characteristics 


Variable 

Number 
(n =48) 

% 

Sex 

Male 

39 

81.3 

Female 

9 

18.7 

Mean age 

34.1 

(6.8) a 

H 1 V status 

1 nfected 

48 

100.0 

HIV risk group 

1 ntravenous drug users 32 

66.6 

Homosexual 

10 

20.8 

Others 

6 

12.6 

Outcome 

Death 

47 

95.9 

Discharge 

1 

4.1 

Mean survival after 

77.6 

(107. 8) a 

M DRTB diagnosis 
(in days) 


a Standard deviation. 
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Figure 1. Hospital outbreak, Madrid, Spain, 1995. 


At the beginning of the outbreak, no consistent 
anti biogram pattern was observed among isolates. 
However, beginning in 1993, strains were consis- 
tently resistant to isoniazid, streptomyci n, etham- 
butol, and rifampin (HSER); of the 26 patients 
with an MDRTB diagnosissi nee thelast trimester 
of 1993, 24 (92.3%) had HSER isolates. DNA sub- 
typing analysis was performed on 12 of these 
HSER isolates that were available. Eleven of the 
12 strains had the same band patterns (Figure 2). 
Two additional isolates with a different antibi- 
ogram pattern had different banding patterns. 

Subtyping of M. tuberculosis strains was per- 
formed (11) by analyzing DNA located between 
two copies of repetitive sequence I S6110. A 10-p.l 
sample of the extracted DNA was amplified in a 
reaction mixture containing 0.5 pM of each of the 
four primers (Risl, Ris2, Pntbl, and Pntb2), 200 
UM DNTPs, 50 mM Tris-HCL, 50 mM KCL (pH 
8.8), 2.5 mM MgC12, 0.1%Triton x-100, and 0.5% 
Taq polymerase. The samples were denatured by 
incubation at 95°C for 10 min and amplified by 30 
cycles of denaturation at 94°C for 1 min, primer 
alignment at 56°C for 2 min, and primer extension 
at 72°C for 1 min.Theamplification products were 
analyzed by electrophoresis in 2% agarose gel 
stained with ethidium bromide and observed with 
an ultraviolet transilluminator. 

HIV-infected patients hospitalized on the HIV- 
dedicated ward between September 15, 1991, and 
December 31, 1994, who had TB diagnosed in 1994 
with a known drug-susceptibility pattern were 
included in a case-control study. Case patients' 
isolates were resistant to isoniazid, rifampin, 
streptomycin, and ethambutol; control patients' 
isolates were sensitive to the same antimicrobial 
drugs. 


MDRTB diagnosis date 

*• Hospitalization dates on 
HIV ward 


r 

i i -! J $ r< ? I |11M I} j t | r h ? r, m iji z j j 
* * ■ IPS" ■ ■— !l*5 

*AII strains of resistance pattern HSER (isoniazid, streptomycin, 
ethambutol, rifampin) had similar DNA subtyping. 

Figure 2. Evolution of MDRTB strain* over time, 
hospital outbreak, Madrid, Spain, 1995. 

A time-person line diagram was prepared for 
each of the case patients and control patients, 
including all hospitalization dates, ward and room 
number, potentially infectious days, and possible 
days exposed to i nfecti ve pati ents. P r i or ad mi ssi on 
was def i ned as al I admi ssi ons to th e H I V-ded i cated 
ward since the MDRTB patient was diagnosed 
(9/15/91) until the end of the period (12/31/94). TB 
patients were classified as "potentially infective” 
from the 2 week-period before sputum or culture 
results were positive for M. tuberculosis until the 
time sputum results were negative or the patient 
died. TB-negative patients were classified as "pos- 
sibly exposed" if they were hospitalized on the 
HIV-dedicated ward during the time a potentially 
infective patient was also present, beginning on 
September 15, 1991, until 2 weeks beforeTB diag- 
nosis. 

Thirty-five patients (18 with cases and 17 con- 
trols) met the established study cas^control defi- 
nition . C ase pat i ents a n d cont rol pat i ents were not 
significantly different with respect to age, sex, H I V 
risk factors, interval between HIV andTB diagno- 
ses or count of CD4 lymphocytes at the time of TB 
diagnosis (Table 2). 

Beforethe hospitalization during whichTB was 
diagnosed, 76.4% of the case-patients had been 
hospitalized on the HIV-dedicated ward of the 
hospital versus 23. 5% of control patients (OR =7.8 
[1.4,50.5]) (Table 3). Of the five case patients with 
no prior hospitalization, three were family mem- 
bers of previously hospitalized HIV-infected pa- 
tients who had visited the HIV ward frequently 
during the outbreak period. 
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Case patients and controls were compared with 
respect to possi ble exposure to a potential I y i nfec- 
tivewardmate beginning on 9/15/91 until 2 weeks 
prior to the diagnosis of TB. Case patients were 
more likely to have been exposed to potentially 
infective wardmates (72.2% with a median of 26.4 
days) than control patients (41.2% with a median 
of 7.6 days). When we stratified possible ward 
exposure by days (0 days vs. 1 to 30 days vs. 30 
days), we observed a dose-response effect, and the 
chi-square for linear trend was statistically sig- 
nificant (Table 3). Case patients were more likely 
to die during their initial hospitalization for 
MDRTB(94.4%) than were control patients 
(29.4%) during their hospitalization for TB (OR 
= 40.8 [3.6,1842]) (Table 3). 

A TB screening clinic visit was offered to all 
hospital employees after the outbreak was identi- 
fied. Of the 591 active employees, 565 (95.6%) 
participated. Of these, 288 (51%) had not partici- 
pated in previous hospital employee screening 

Table 2. Population characteristics: case control study 


programs conducted in 1990and 1994.Theoverall 
prevalence of TB infection among participating 
empl oyees was 450 (80%) of 565; onl y 115 (20%) of 
the current employees tested were tuberculin- 
negative. 

Employees currently working at the hospital, 
who had a documented negative (<6 mm) tuber- 
culin test between J anuary 1993 and J une 1995 
were eligible for this skin test conversion study. 
Many of the empl oyees had received BCG vaccine. 
For those who had not received BCG vaccine, con- 
version was defined as an induration of 10 mm or 
greater with a change of at least 6 mm of indura- 
tion sincethelast negativetuberculin test (12). For 
BCG vaccinees, conversion was defined as a 15- 
mm induration change since the last negative 
(< 6 mm) skin test. 

Employees were defined as occupationally ex- 
posed if they worked in parts of the hospital where 
exposu re to pat i ents or M . tu bercu I osi s was I i kel y 
(the H I V-dedicated ward, H I V outpatient clinic, 
radiology unit, the mycobacteriology 
laboratory, and the internal medicine 



Case patients (%) 

Control patients (%) 

OR (95% Cl) a 

Variable 

n =18 

n =17 

Mean age (yr) 

34.4 

35.2 

p =0.30 b 

Malesex 

13 (72.2) 

14 (82.3) 

1.8(0.3-12.1) 

IVDU 

11 (61.1) 

11 (64.7) 

1.2 (0.2-6. 7) 

Interval HIV toTB 

1403 

1293 

p=0.79 b 

diagnosis in days 




CD4 lymphocyte 

112.9 

199.5 

p =0.30 b 

count, median 




a OR (95% Cl) = odds ratio (95% confidence intervals): Fisher's ExactTest. 
b p value for ana lysis of variance (AN0VA). IVDU = intravenous drug user. 


Table 3. Variables associated with MDRTB 




Case patients (%) 

Control patients (%) 

OR (95% Cl) a 

Variable 

n =18 

n =17 

Prior admission 
to H IV ward 




Yes 

13 (76.4) 

5 (29.4) 

6.2(1.2-37.2) 

No 

5 (23.6) 

12 (70.6) 


Possible ward 
exposure days 




None 

5 (27.8) 

10 (58.8) 

1.0 

1-30 

6 (33.3) 

5 (29.4) 

2.4 

30 

7 (38.9) 

2 (11.8) 

7.0, p=0.03 b 

Outcome 




Death 

17 (94.4) 

5 (29.4) 

40.8 (3.6-1842) 

Discharge 

1(5.6) 

12 (70.6) 



OR (95% Cl) = odds ratio (95% confidence intervals): Fisher's ExactTest. 
b Chi-square for linear trend. 


ward). Employees were asked to 
quantify the cumulative number of 
months spent in these high-risk 
areas, regardless of their usual place 
of work, during the 30-month study 
period. 

According to the Mantoux tech- 
nique, 2 tuberculin units of purified 
protein derivative (PPD) tuberculin 
RT-23 were administered in theante- 
rior forearm of the screened employ- 
ees, and the results were read within 
48 to 72 h. Of the participants, 92 
(16.3%) were eligible for the conver- 
sion study. The incidence of conver- 
sion during the 30-month period was 
24 of 92 (26%). Employees who had 
occupational exposure to high-risk 
areas had higher conversion rates 
than employees who did not have oc- 
cupational exposure to high-risk ar- 
eas (RR =5.0 [2.7, 9.6]) (Table 4). The 
conversion had a dose-response ef- 
fect, that is, the more months the per- 
son is occupationally exposed to high 
risk-areas, the higher the risk for con- 
version. 

This is the first nosocomi ally trans- 
mitted MDRTB outbreak reported in 
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Table 4. Employee tuberculin screening conversion study results 


Variable 

Convertors (%) 
n =24 

Nonconvertors (%) 
n =68 

RR (95% Cl) 

Occupational 
exposure to 
high-risk areas 
Yes 

14 (70.0) 

6 (30.0) 

5.0 (2.7, 9.6) 

No 

10 (13.9) 

62 (86.1) 


Months exposed 
in high-risk areas 
0 

6 (10.7) 

50 (89.3) 

OR b 

1.0 

1-6 

4 (28.6) 

10 (71.4) 

3.3 

7-36 

14 (63.6) 

8 (36.4) 

14.6, p< 0.01 


a RR (95% Cl) relative risk (95% confidence intervals). 
b Chi-square for linear trend, 

Spai n, which, with recent outbreaks i n the U nited 
Kingdom (13) and Italy, is among the first in 
E urope. I ts characteri sti cs are si mi I ar to the other 
reported outbreaks on that it occurred in an HI V- 
dedicated ward among non-foreign-born patients 
who had not been treated for TB; it had a high 
mortality rate within 3 months of onset during 
which mycobacteria laboratory surveillance recog- 
nized similar antibiogram resistant patterns; and 
identification of MDRTB isolates was followed by 
DNA subtyping, which confirmed that the same 
strain was responsible for the outbreak. Risk fac- 
tors identified include admission to the HI V-dedi- 
cated ward and more "possible exposure" days to 
potentially infective wardmates; additionally, skin 
test conversion rates among employees were di- 
rectly related to working in high risk areas of the 
hospital. The consistency of these findings with 
those reported in similar outbreaks and the fact 
that the same isolate was cultured over an exten- 
sive period among many different patients on a 
hospital ward without proper room isolation tech- 
niques support the conclusion that nosocomial 
transmission was the leading cause of the out- 
break. 

CDC's recommended guidelines for hospital TB 
prevention and control (14) were not fully imple- 
mented in the hospital. Acid-fast bacilli room iso- 
lation techniques were not in place; moreover, no 
ventilation system was available to provide nega- 
tive pressure to prevent bacilli from passing from 
the MDRTB patients' rooms to the hallway or to 
provide the six air interchanges per hour recom- 
mended for removing bacilli from room air. Surgi- 
cal masks used in the H I V-dedicated ward during 
the outbreak as protective masks are not 


recommended for this purpose be- 
cause of filtering and facial sealing 
problems. Observational visits to 
the HIV-dedicated ward revealed 
that MDRTB patients without 
masks were walking, talking, and 
smoking in the halls and in the 
lounge next to the unprotected pa- 
tients, families, and staff. 

Complete fol low-up of employees 
is an essential component of a hospi- 
tal control program (14). Because 
80% of the employees in this out- 
break were tuberculin-positive, 
chest radiographs became an impor- 
tant component for disease screen- 
i ng; yearly survei 1 1 ance of the tubercul i n-negati ve 
empl oyees wi 1 1 hel p deter mi ne if the i nterventi ons 
in pi ace to prevent future outbreaks have worked 
in this setting. 

Once the case-control study fi ndi ngs were ana- 
lyzed, a TB control committee was established. All 
MDRTB patients were placed in a separate area 
of the hospital. Hospital staff were informed about 
the outbreak and alerted about future possible 
cases and the patient management and treatment 
schemes. The mycobacteria laboratory expanded 
the antibiogram service to include all second-line 
antibiotics used by the hospital clinicians. Clini- 
cians have elaborated a treatment flow chart for 
MDRTB patients. Masks that fulfilled the sealage 
and filtering criteria (15) were purchased, and 
mask use was aggressively implemented. An em- 
ployee health clinic was also instituted, with a 
prophylaxis and chest X-ray follow-up program for 
the 410 infected employees, along with a comput- 
erized follow-up surveillance system which in- 
cluded all employees graded by occupational risk 
category. Plans were made to screen tuberculin- 
negative employees every 3 months to identify 
those who had recently serocon verted. Family, 
community members and wardmates of all pa- 
tients whose MDRTB had been diagnosed within 
the previous 6 months were notified of their risk 
and were scheduled for fol low-up evaluations. The 
HIV-dedicated ward will be transformed into an 
acid-fast bacilli isolation zone, with an exclusive 
ventilation system that provides 11 individual 
rooms, each with 12 air interchanges per hour and 
negative pressure relative to the hallway. 

Health officials in Europe need to be updated 
about this emerging problem, especially in areas 
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of high HIV and TB prevalence. Basic universal 
TB control and prevention measures (16,17) 
should be implemented by all general community 
hospitals in Spain, especially those with HI V-dedi- 
cated wards in areas where TB is prevalent. TB 
surveillance of health careemployees is necessary 
to identify emergi ng problems as wel I as to protect 
employees, patients, and visitors. 
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Application of Pulsed-Field Gel Electrophoresis to an 
International Outbreak of Salmonella agona 


Between 1 December 1994 and 31 J anuary 
1995, Salmonella agona infections increased 
abruptly in England and Wales; isolates of S. 
agona from 41 patients with diarrheal illness were 
referred to the Laboratory of E nteric Pathogens of 
the Public Health Laboratory Service, compared 
with nine cases in the previous 12 months. Most 
isolates were from children under 10 years of age. 
Many of the cases were in J ewish children in 
London and several other parts of England; two 
children required hospital admission. S. agona can 
be subdivided by phage typing and, by using a 
method developed in the Laboratory of Enteric 
Pathogens (L. R. Ward, unpublished manuscript), 
we found that the isolates belonged to S. agona 
phage type (PT) 15. The outbreak was traced to a 
kosher savory snack imported into the United 
Kingdom from Israel, and all isolates from the 
contaminated product and from patients who had 
a history of consuming this product were found to 
belong to S. agona PT 15 (1). (Full details of this 
outbreak will be published elsewhere.) 

After notification of the outbreak in the United 
Kingdom, health authorities in countries where 
the contaminated snack had also been distributed 
were warned of the possibility of an upsurge in S. 
agona infections; these countries included Israel, 
the United States, and Canada. Countries in the 
European Union (EU) were also notified through 
SALM-NET, the European salmonella surveil- 
lance network (2). As a result of such notification, 
isolates of S. agona subsequently identified as PT 
15 were received from patients in Israel, the 
U nited States, and F ranee and from food samples 
in Israel, the United States, and Canada. 

For outbreak investigations, the policy of the 
L aboratory of E nteric Pathogens is to use serotyp- 
ing, phage typing, and antibiogram analysis (R- 
typing) for the primary identification and 
subdivision of isolates, supplemented when appro- 
priate by a range of DNA-based methods, includ- 
ing plasmid analysis, ribotyping, insertion 
sequence (IS) 200 fingerprinting, and pulsed-field 
gel electrophoresis (PFGE).Theuseof thesetech- 
niques has recently been reviewed (3). Of these 
methods, PFGE has been used for the molecular 
fingerprinting of S.typhi (4, 5) and for subdivision 
within epidemiephage types of S.enteritidis(6, 7). 


Becausea small number of patients in England 
and Wales had been infected with S. agona PT 15 
in the 11 months before the kosher snack out- 
break, we decided to characterize the outbreak 
isolates by genotypic methods and, if possible, to 
usesuch methodsfor subdivision within thephage 
type. For S. agona, strains of this serotype do not 
possess IS200 elements (8), and studies by the 
Laboratory of Enteric Pathogens have demon- 
strated that the serotype is unlikely to be subdi- 
vided by ribotyping(M.D. Hampton, E.J . Threlfal I , 
unpublished observations). PFGE was, therefore, 
considered the method most likely to provide a 
genotypic fingerprint suitable for epidemiologic 
investigations. Isolates from the food product and 
from all patients infected bothduringtheoutbreak 
and in the preceding 11 months were, therefore, 
examined by PFGE. Similarly, because of the in- 
ternational distribution of the contaminated food 
product, S. agona PT 15 organisms isolated in 
Israel and Canada from the food product and also 
from sped mens from patients i n I srael , the U nited 
States, and France were examined by PFGE. 

Analysis by PFGE of the fragments resulting 
from Xba I digestion of genomic DNA from 78 
isolates of S. agona PT 15 made in the United 
Kingdom, Israel, the United States, Canada, and 
France between December 1993 and April 1995 
showed 11 distinct pulsed-field profiles (PFP) and 
one variant profile, with 14 to 17 resolvable chro- 
mosomal fragments, ranging from approximately 
25 kb to 680 kb (Figure). These profile types have 
been designated S. agona PFP (Xbal ) 1 through to 
S. agona PFP (Xbal ) 9, and S. agona PF Ps (Xbal ) 
11 and 12; the variant type has been designated S. 
agona PFP (Xbal) 6a. The pattern designated S. 
agona PFP (Xbal) 10 had been assigned to an 
isolate of S. agona of an unrelated phage type, 
which has been used as a control in PFGE analysis 
of this serotype. 

The predominant PFGE profile, S. agona PFP 
(Xbal) 6, gave at least 15 resolvable fragments, 
ranging from 25 kbp to 485 kbp; this profile type 
was exhibited by 51 of the 78 isolates examined. 
The PFP 6 variant, designated PFP 6a and iden- 
tified in one of the Canadian food isolates, could be 
differentiated from PFP 6 by the presence of an 
additional fragment of approximately 395 kbp; in 
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Figure. PFGE profilesof Xbal -digested genomic DN A 
from strains of S. agona PT 15. Legend: Tracks 1 - 14 
contained: 1 and 14, lambda 48.5-kb ladder (Sigma); 2, 
S. agona PFP (Xbal) 6; 3, PFP 6a; 4, PFP 4; 5, PFP 10 
(=control PFP type for S. agona); 6, PFP 9; 7, PFP 7; 8, 
PFP 3; 9, PFP 2; 10, PFP 5; 11, PFP 1; 11, PFP 8; 13, 
PFP 9. Gels were run at 6.0 V cm" 1 for 36 h with a 25- 
to 75-s pulse ramp time. 

all other respects, S. agona PFP 6a was indistin- 
guishable from S. agona PFP 6. 

Thedistribution of Xbal -generated PFGE types 
between source group and country of isolation in 
isolates of S. agona PT 15 is shown in the Table. 
Of the 10 PFGE profiles in 46 isolates from per- 
sons in the United Kingdom, 26 isolates (56.5%) 
belonged to PFP 6. All isolates with this profile 
pattern were made between 25 November 1994 
and 17 February 1995 and were from patients 
associated with the kosher snack-related out- 
break. Two isolates of S. agona PT 15 from the 
contaminated food product were also examined 
and both bel onged to P F P 6. 1 n contrast, P F P 6 was 
not identified in any isolates of S. agona PT 15 
made in the United Kingdom in the 11 months 
before the outbreak. I n one case, S. agona PT 15 
with the PFGE profile PFP 9 was isolated from a 
patient just after the outbreak began, in Novem- 
ber 1994. FI owever, the PFGE profile of this isolate 
was sufficiently unrelated to that of the outbreak 
i sol ates (PFP6)towarrant excl u si on of t he pat i ent 
from the kosher snack- related cases. Nine PFGE 
profiles were identified in the remaining 19 U.K. 
isolates, with PFPs 5, 2, and 1 predominating 
(Table). Four of five patients infected with isolates 


with the PFP 2 pattern lived in northwestern 
England, and three of five patients with the PFP 
5 profile lived in southwestern England or south- 
ern Wales. None of these ninePFGE profiles were 
identified in isolates from case- patients associated 
with the kosher snack outbreak. 

Nine isolates of S. agona PT 15 from patients 
and two i sol ates from the contami nated food prod- 
uct that had been made in Israel were also exam- 
ined by PFGE and, without exception, all strains 
bel onged to P F P 6. L i kewi se, al I of 10 i sol ates from 
outbreak-associated cases in the United States 
belonged to PFP 6 as did two of three strains 
isolated in Canada from the contaminated food 
product; the PFP of the remaining Canadian 
strain, PFP 6a, was closely related toPFP 6.Three 
PFPs were identified in the six isolates of S. agona 
PT 15 from France, of which two (PFP 2 and PFP 
5) had been observed in isolates of PT 15 made in 
the United Kingdom before the outbreak. FI ow- 
ever, none of the isolates of S. agona PT 15 made 
in France were of PFP 6 (Table). 

In conclusion, 11 distinct PFGE profile types 
and one variant type have been identified in 78 
isolates of S. agona PT 15 made in the United 
Kingdom, Israel, the United States, Canada, and 
France between December 1993 and April 1995. 
One PFGE profile type, PFP 6, was specifically 
associated with isolates from a contaminated sa- 
vory snack and from persons who consumed this 
product in the United Kingdom, Israel, and the 
U nited States. These results demonstratethat one 
strain of S. agona PT 15, with a characteristic 
PFGE profile, was responsiblefor outbreaks in the 
United Kingdom, Israel, and the United States in 
1994-95. In contrast, the PFGE profile types of 
isolates of S. agona PT 15 identified in the United 
Kingdom either in the 11 months before the out- 
break (or in one case at the start of the outbreak) 
and of isolates of PT 15 obtained from patients in 
Francewere unrelated to PFP 6. Weconcludethat 
PFGE fingerprinting provides a genotypic method 
for subdivision within phage type 15 of S. agona 
and that this method has provided an invaluable 
supplement to phage typing for investigation of 
international outbreaks. It is, however, important 
to realize that PFGE typing may not be applicable 
to all salmonella serotypes and phage types; thus, 
the method's resu I ts shou I d be carefu 1 1 y eval uated 
by using both epidemiologically-related and 
unrelated isolates before it is used for outbreak 
investigations. 
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Table. Distribution of Xba/ pulsed-field profiles in isolates of Salmonella agona phage type 15 made in the United Kingdom, 
Israel, USA, Canada, and France, 1993-1995 3 


Country 

Source 

Number 

studied 





Pulsed-field profiles (PFP) 


1 

2 

3 

4 

5 

6 

6 a 

7 

8 

9 10 11 12 

United Kingdom 

Human 

46 

3 

5 

1 

2 

5 

26 b 


1 

1 

1 1 


Snack 

2 






2 





Israel 

Human 

9 






9 






Snack 

2 






2 





United States 

Human 

10 






10 





Canada 

Snack 

3 






2 

1 




France 

Human 

6 


1 



4 





1 

Total 


78 

3 

6 

1 

2 

9 

51 

1 

1 

1 

10 11 


a Isolates from Israel, the United States, and Canada were made in 1995; of the isolates from France, 3 were obtained in 1994 and 3 in 1995. 
b Isolated 25 November 1994 to 17 February 1995. 
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Potential Risk for Dengue Hemorrhagic Fever: The Isolation 
of Serotype Dengue-3 in Mexico 


The Americas have a long history of dengue 
epidemics, which present public health problems 
because of the potential emergenceof dengue hem- 
orrhagic fever (DHF) (1). Efforts to control Aedes 
aegypti— the only demonstrated vector of dengue 
virus in the Americas— were effectively deployed 
in the 1950s and 1960s when the Pan American 
Health Organization launched a continental 
eradication campaign against yellow fever (2). 
Aedes aegypti was eliminated in Mexico in 1963 
(3). However, subsequent social and economic 
changes in the Americas have permitted the rapid 
reinfestation of the vector throughout the region. 

I n Mexico, population movement from rural areas 
to urban centers— brought about by intensive in- 
dustrialization— were not matched with adequate 
housing and sufficient water, sewage, and waste 
management systems. The introduction and pro- 
liferation of nonrecyclable products provided nu- 
merous and effective breeding sites for urban 
mosquitoes. For example, from 1960 to 1990, the 
annual production of bottles in Mexico increased 
from 500,000 to 3.5 million, and the annual pro- 
duction of tires increased from 2 to 17 million (4). 
Tourism and travel, promoted as essential to the 
national economy, have also become important 
mechanisms for transporting dengue viruses. Ad- 
ditionally, surveillance, prevention, and control 
programs lack the infrastructure and human re- 
sources needed to tackle this neglected health 
probl em ( 1,4) . M i 1 1 i ons of peopl e I i vi ng i n t he t ropi - 
cal and subtropical areas of the region face the 
reemergence of dengue and DHF (2). 

In M exico from 1984 to 1993, DHF cases were 
sporadically reported; only 26 cases were identi- 
fied, followed by 30 cases in 1994(4). During 1995, 
however, the General Directorate of E pidemiology 
of the Ministry of Health in Mexico confirmed 358 
DHF cases in 18 states with a case-fatality rate of 
7.8% (unpublished data). The widespread distri- 
bution of DHF cases and of the vector and the 
circulation of different serotypes demonstrate the 
risk of serious illness throughout the country. 

Dengue fever in endemic-disease areas is often 
not diagnosed properly because of its nonspecific 
clinical manifestations. Furthermore, only pa- 
tients with symptoms are treated, and patients 
rarely demand medical care; thus, the proportion 


of infected persons in the population is usually 
underestimated (5). On the other hand, DHF is an 
acute, life-threatening disease that requires spe- 
cialized treatment in a medical setting. Identifying 
dengue serotypes in the continent is one of the 
most serious problems faced by every survei I lance 
system in the region. The serotype, strain, and 
sequence of infections by different serotypes are 
among the most meaningful risk factors for DH F ; 
thus, creating a strong dengue virus surveillance 
system i n every cou ntryintheA mer i cas shou I d be 
a high priority (6, 7). 

Serologic evidence of dengue in the Americas 
can be traced back to 1941 in Panama (8). DEN -2 
was isolated in Trinidad in 1953 (9). DEN-3 was 
isolated in the Caribbean and Venezuela in 1963 
(2,10), DEN-1 was introduced to the Americas in 
1977, and DEN -4 affected the region 4 years later. 

I n 1981, Cuba had a major DH F epidemic caused 
by a new strai n of DE N -2 (11). DE N -3 was detected 
in Nicaragua and Panama in 1994 and in Costa 
Rica in 1995 (12), after a long absence from the 
region; a strain similar to one in Sri Lanka and 
I ndia in the 1980s caused the DH F epidemics in 
those countries (12). The identification of DEN-3 
in the region increases the probability of DHF 
cases associ ated with a newly ci rcu I ati ng serotype. 
In Mexico, this particular situation may have im- 
portant epidemiologic consequences for several 
reasons: 1) DEN-3 has not been identified in the 
country, and the population is totally susceptible 
toinfection by this serotype; 2) infection by DEN-3 
would most likely be of the secondary type; 
3) population movements through Mexico and to- 
wards other countries, might disseminatethis new 
serotype to areas where susceptible persons will 
be exposed to a new serotype; and 4) intensive 
transmission of dengue would naturally increase 
the risk for DH F epidemics. 

Surveillance of denguevirus in Mexico began in 
1982 when seven isolates of DEN-1 and DEN -2 
were identified from outbreaks reported in the 
south and southeastern regions of the country. 
From 1982 to 1995, the National Institute of 
Epidemiological Diagnosis and Reference (IN DRE) 
identified 681 denguevirus isolates. Serotypes were 
identified by indirect immunofluorescence with spe- 
cificmonodonal anti bodies donated bytheDivision 


Vol. 2, No. 2 — April-June 1996 


133 


Emerging Infectious Diseases 



Dispatches 


of Vector-Borne Infectious Diseases, Centers for 
Disease Control and Prevention, Fort Collins, 
Colorado. 

DEN-1 was the serotype most frequently iso- 
lated from 1982 to 1995 (47% of all isolates), fol- 
lowed by DEN-4 (30%) and DEN-2 (21%) (Table). 

I n 1995, DEN-3 was identified in 19 patients with 
classicdenguefever with no hemorrhagic manifes- 
tations (Table). Beginning in 1995, active surveil- 
lance for dengue cases was begun in areas where 
transmission had been documented. Sentinel sur- 
veillance centers were implemented to obtain se- 
rum samples from febrile patients with a clinical 
picture suggestive of dengue and to isolate and 
identify the serotype involved. From August to 
December 1995, 245 isolates of dengue virus were 
obtained, which represented 36% of isolates ob- 
tained during the 14-year period. The prevalence 
of serotypes isolated in 1995 differed from those 
i sol ated from 1982 to 1994; D E N - 1 was i sol ated i n 
only 16% of the samples processed, whereas 40% 
were D E N -2, 8% were DE N -3, and 36% were DE N - 
4 (Figure 1). It is unclear whether the change in 
distribution of serotypes is due to more intensive 
surveillance in certain areas or in a manifestation 
of herd immunity to serotype 1. This is the first 
report of DEN-3 in Mexico and reflects the 
strengthening of the surveillance at INDRE for 
dengue viruses in areas at risk. 

The geographic and temporal distribution of 
DEN-3isolated in 1995in Mexico(Figure2)shows 

Table. Number of isolates of dengue virus serotypes in 
Mexico* 


a pattern similar to the one followed by the first 
dengue epidemics in the early 1980s (2) and may 
be related to population movements towards the 
northern border. The role of DEN -3 in increasing 
DHF cases is still to be determined; to date none 
of the DHF cases in which dengue virus was iso- 
lated have been associated with this serotype. Five 
cases were associated with DEN-1 and 20 cases 
with DEN-2. Nevertheless, the infection of DEN-3 
in persons sensitized by previous infections with 
other serotypes and the widespread susceptibility 
oftheMexican popu I at i on to t h i s serotype mu st be 
considered a potential risk factor for future out- 
breaks. 

The cost of each DHF case has not been fully 
determined, but the resources needed to face a 
DHF epidemic are certainly not available in 
countries where the health sector has financial 
constraints due to unstable economic conditions. 
The development of dengue vaccines is encourag- 
ing, but the widespread dispersion of mosquito 
breeding sites exceeds the capabilities of vector 
control programs. Moreover, the potential role of 
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Year 

DEN-1 

DEN-2 

DEN-3 

DEN-4 

Total 

1982 

2 

5 

0 

0 

7 

1983 

5 

6 

0 

2 

13 

1984 

89 

2 

0 

38 

129 

1985 

30 

8 

0 

9 

47 

1986 

65 

0 

0 

24 

89 

1987 

13 

0 

0 

0 

13 

1988 

28 

0 

0 

0 

28 

1989 

21 

0 

0 

0 

21 

1990 

6 

0 

0 

0 

6 

1991 

4 

0 

0 

20 

24 

1992 

1 

5 

0 

19 

25 

1993 

0 

10 

0 

0 

10 

1994 

15 

9 

0 

0 

24 

1995 

40 

98 

19 

88 

245 

Total 

319 

143 

19 

200 

681 


♦Serum samples from suspectcases were added to C 6-36 cells grown in D-M EM 
with 5% fetal calf serum for 7 days at 28° C and incubated for 1 hour. Cells were 
washed and further incubated in D-M EM with 0.4% bovine albumin for identifi- 
cation of cytopathic effect 


Serotype* 

Figure 1. Frequency of dengue serotypes isolated in 
1982 to 1994 and in 1995. 


1 1 



Figure 2. Geographic and temporal distribution of 
DEN -3 serotype in Mexico. 
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Aedes albopictus in the transmission of dengue 
virus in Mexico must be evaluated because DHF 
cases have appeared in areas where A. albopictus 
has been identified (14). The role of this vector in 
denguetransmission could increase should its geo- 
graphic distribution expand and its susceptibility 
to infection increase (15). 

The challenge faced by national health services 
is to i mprove the early detection of dengue trans- 
mission, prevent DHF, and decrease the case- 
fatality rate in DH F patients. This strategy must 
be supported by a strong surveillance network for 
viral diseases, which is now being implemented on 
a regional basis according to the risk of dengue 
transmission in the country. The detailed knowl- 
edge of the serotypes i nvol ved i n future epidemics 
will provide useful information that will definethe 
role of each serotype in the genesis of DH F cases 
and target control measures. Thethreat of a major 
epidemic requires a control strategy that will pre- 
vent the emergence of this public health problem. 
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Improved Serodiagnostic Testing for Lyme Disease: 
Results of a Multicenter Serologic Evaluation 


The diverse clinical manifestations of Lyme 
disease (1-3) have led to frequent confusion in 
clinical diagnosis, a confusion compounded by 
problems in the accuracy and precision of diagnos- 
tic serologic tests (4-11) and thedifficulty of isolat- 
ing the causative organism (12-14), Borrelia 
burgdorferi. In 1990, more than 20 commercially 
prepared serologictest kits for Lyme disease were 
being sold in the United States, but no nationally 
standardized reference test was available. A col- 
laborative evaluation of a selected sample of the 
commercial test kits by the Centers for Disease 
Control and Prevention (CDC)andtheAssociation 
of State and Territorial Public Health Laboratory 
Directors (ASTPHLD) demonstrated poor concor- 
dance of results among these test kits and among 
a selected group of state health department labo- 
ratories (11). Because of the lack of a rigorously 
defined reference serum panel, conclusions could 
not be drawn about the sensitivity and specificity 
of the test kits evaluated. An unexpected finding 
in this study was the low concordance in test 
resu I ts between C D C and two consu 1 1 i ng academi c 
reference center laboratories. A number of other 
studies also have demonstrated low concordance 
of Lyme disease serologic test results obtained by 
a variety of laboratories (4-10). 

As a result of thosefi ndi ngs, thestudy descri bed 
here was designed to fulfill the following objec- 
tives: 1) to assemble a serum panel from patients 
who had clinically well-defined Lyme disease 
(preferably confirmed by isolation of B. burgdor- 
feri); healthy controls, and persons residing in 
non-endemic-disease areas whose potentially 
cross- reactive specimens had yielded equivocal 
E LI SA results in earlier CDC tests; 2) to test this 
panel in a blinded fashion by several recognized 
Lymediseasereferenceand research laboratories; 
and 3) to compare the accuracy and precision of 
tests as a prelude to developing national recom- 
mendations for standardized serologic testing for 
antibodies to B. burgdorferi. 

Tests were performed by five academic centers 
active in Lyme disease research (the Marshfield 
Clinic, Marshfield, Wisconsin; University of Medi- 
cine and Dentistry of New J ersey- Robert Wood 
Johnson Medical School, New Brunswick, New 
J ersey; State University of New York at Stony 


Brook, Stony Brook, New York; Tufts/New Eng- 
land Medical Center, Boston, Massachusetts; and 
the University of Connecticut Health Center, 
Farmington, Connecticut) and CDC's Division of 
Vector-Borne I nfectious Diseases, National Center 
for I nfectious Diseases, based in Ft. Collins, Colo- 
rado. 

Serum samples from Lyme disease case-pa- 
tients were obtained from the participating aca- 
demic investigators (n = 72) and from the CDC 
Lyme disease reference serum collection (n =37). 
All case-patient serum samples (total =109) were 
from patients who met the CDC clinical case defi- 
nition for surveillance of Lyme disease (15). The 
clinical manifestations in these patients ranged 
from acute erythema migrans (EM) to late 
neurologic disease accompanied byLymearthritis. 
B. burgdorferi had been cultured by the method of 
Berger et al. from 14 of 34 (41%) acute-phase 
specimens provided by CDC (14). Du plicate speci- 
mens (n =85) were randomly selected from the 109 
case-patient samples for precision analysis, mak- 
ing a total of 194 case-patient samples in the 
panel . 

Control serum samples were provided by CDC 
from unpaid healthy blood donors (n = 113) who 
resided in areas where Lyme disease is not en- 
demic (Cincinnati, Ohio, and Atlanta, Georgia; 
travel histories were not avail able from these do- 
nors, however. Duplicate specimens (n =87) also 
were randomly selected, resulting in 200 noncase 
samples in the serum panel. Additional control 
samples were obtained from persons who resided 
in areas where Lyme disease was not endemic but 
whose physicians submitted their serum for Lyme 
disease testing to CDC through their state health 
department (n = 113). These specimens from pa- 
tients with suspected cases had borderline 
(equivocal) seroreactivity in the whole cell soni- 
cate (WCS) enzyme-1 inked i mmunoassay (E L I SA) 
used by CDC before 1992 and are referred to 
hereafter as "WCS-suspects" (16). The addition of 
duplicate specimens (n =87) brought this group to 
200 equivocally seroreactive samples. 

Serum was separated and frozen by the original 
collectors and shipped frozen to CDC's facilities in 
Ft. Collins, Colorado. The specimens were divided 
into aliquots and coded; code labels were applied 
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by CDC staff not involved in serologic testing of 
the specimens (n = 594). The panels were then 
refrozen and shipped on dry ice for blind testing 
by participating investigators. All specimens were 
received frozen. To calculate test sensitivity and 
specificity, only the result of the sample with the 
lower random code number of each pair was used. 

Each laboratory employed the testing method 
that it used routinely at the time this study was 
undertaken (1992). CDC used an ELISA with a 
WCS antigen prepared from highly passaged 
strain B31 (gift of A. Barbour, University of Texas 
Health Sciences Center, San Antonio, Texas) and 
an ELISA with a strain B31 flagellar antigen 
(FLA)then being evaluated (16, 17). The other five 
participating investigators used ELI SA tests that 
employed a WCS antigen of B. burgdorferi. Four 
used assays developed in their own laboratories, 
and one used a commercially available test kit 
(18-22). Three investigators also tested all speci- 
mens by Western blotting using published meth- 
ods (19, 20). Two of these three performed 
immunoblottingfor IgM and IgG antibodies sepa- 
rately. One laboratory tested for IgM and IgG 
together. 

Each participating laboratory submitted the 
raw data of its results, along with a dichotomous 
interpretation of those results as either positive or 
negative. By prior agreement, E L I SA results that 
fell into a range ordinarily reported as "equivocal" 
by that laboratory weretreated as negativefor this 
analysis. Statistical analyses undertaken at CDC 
included calculations of sensitivity (true positives 
correctly identified), specificity (true negatives 
correctly identified), precision (frequency of ob- 
taining the same result on duplicate analysis of a 
specimen), and a measure of concordance (agree- 
ment among investigators) of results among the 
tests using the kappa statistic. 

The accuracy and preci si on of the serol ogi c tests 
as performed in 1992 by all six laboratories is 
summarized inTablel.Thetest methods of inves- 
tigators 1, 2, and 3 produced essential I y equivalent 
results, with moderately high sensitivity (73% to 
79%) for the aggregate of all case-patient samples 
tested and high specificity (98% to 99.5%). Preci- 
sion was high in these three laboratories for both 
blood donor samples (97% to 99%) and the WCS- 
suspects samples submitted from areas where 
Lyme disease is nonendemic (94% to 98%). Preci- 
sion was somewhat I ower for thecase-patient sam- 
ples (82% to 91%). 


Table 1. Accuracy and precision of serologic tests for Lyme 
disease performed in 1992 


Accuracy (%) Precision (%) 

Case l\lon-case- WCS 

Investigator Sensitivity Specificity patients patients suspects 3 


CDC 

93 

71 

93 

77 

69 

(WCS) 

CDC 

92 

82 

92 

79 

62 

(FLA) 

1 

73 

99.5 

89 

99 

98 

2 

76 

99 

82 

99 

97 

3 

79 

98 

91 

97 

94 

4 

49 

91 

79 

94 

93 

5 

40 

72 

63 

74 

77 


a Specimens from patients with suspected cases thathad borderline (equivocal) 
seroreactivity in an enzyme-linked immunosorbent assay with whole-cell soni- 
cate antigen (WCS). 


The performance of the other three laborato- 
ries, including CDC’s, was poor. Both CDC ELISA 
tests had high sensitivity (92% to 93%), but low 
specificity (71% to 82%). Precision for case-patient 
specimens was fairly high (92% to 93%), but low 
for both non-case-patient (77% to 79%) and WCS- 
suspects groups (62% to 69%). The method of in- 
vestigator 4 gave very low sensitivity (49%), 
moderately high specificity (91%), poor precision 
with Lyme disease case-patient specimens (79%), 
but good precision with blood donor and WCS-sus- 
pects samples (93% to 94%). I nvestigator 5, who 
used a commercial test, obtained results with low 
accuracy and precision. 

Concordance was high (kappa statistic 0.700) 
between the results of investigators 1, 2, and 3. The 
CDC FLA test showed moderate concordance 
(kappa 0.400) with results from investigators 1,2, 
and 3. The results of investigator 4 showed mod- 
erate concordance with those of investigators 1 
and 2 (kappa 0.400) and low concordance (0.400) 
with the other results. The results of investigator 
5 had low concordance with all other results. The 
CDC WCS test showed moderate concordance 
with the FLA test, but low concordance with re- 
sults of the ELISA tests of the other laboratories. 

The three investigators with the best results al I 
used Western bl ottosupplement their ELI SA. Two 
of these three investigators submitted their di- 
chotomous test interpretation with and without 
using Western blot results. The sensitivity im- 
proved by 20% for one investigator and by 30% for 
the other when Western blot results were i ncl uded. 
The improvement resulted from identifying as 
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positive by Western blot those case-patient 
specimens from which an equivocal result was 
obtained by ELISA and which by study design 
would have been counted as negative by ELISA 
results alone. Specificities were not affected by 
Western blot analysis in this group of three inves- 
tigators, since the serum panel in this study did 
not contain cross- reactive sera; and the negative 
controls and WCS-suspects had negative results 
by both E L I SA and Western blot. 

Test sensitivity from the three laboratories 
with the best test specificity (98%) was analyzed 
according to the clinical manifestations in the 
case-patients (Table 2). As expected, the sensitivi- 
ties of the tests were lowest in specimens from 
patients with early disease, 59% to 66% for 
erythema migrans and 63% to 75% for early 
neurologic disease. Sensitivities weremuch higher 
for samples of patients with I ate disease. Sensitivi- 
ties of 89% to 95% were obtai ned for Lyme arthri- 
tis patients and 91%to 100% for persons with late 
neurologic disease, primarily encephalopathy or 
polyneuropathy. 

The emergence of a disease can outstrip the 
development of reliable methods for its laboratory 
diagnosis. Theserodiagnosis of Lyme disease has 
been fraught with problems of precision and accu- 
racy. This study provided an opportunity for se- 
lected academic research centers and CDC to 
compare the performance of their individual tests 
by using a serum panel from clinically well-char- 
acterized patients and controls from non-en- 
demic-diseaseareas.Theclinical diagnosis of early 
Lyme disease was supported by the isolation of B. 
burgdorferi from skin biopsy specimens (14), when 


possible. The panel, which was coded blind had a 
sufficiently large number of samples (n =335) to 
provide adequate statistical power for the com- 
parison. 

Laboratories that supplemented their primary 
test, an ELISA, with immunoblotting achieved 
greater test accuracy than those that did not. The 
use of Western blot as a second test enabled the 
best performing laboratories to increase test sen- 
sitivity without a concomitant loss of specificity. 
This increase in sensitivity occurred as a result of 
identifying as true positives by Western blot a 
number of those specimens from patients with 
clinical cases of Lyme disease that were inter- 
preted as equivocal by ELISA and would have 
been otherwise considered in this study as dichoto- 
mously negative results. Although the investiga- 
tors employing Western blot tested all panel 
specimens with this method, they did so at that 
time to evaluate the potential value of Western 
blot in Lyme disease serologic diagnosis. 

The observation that Western blotting could be 
employed to resolve equivocal ELISA results gave 
additional impetus for evaluating its potential 
adj u net i ve rol e i n Lyme disease serod i agnosi s a nd 
eventually led to the finally recommended two- 
test approach (23). The potential utility of Western 
blotting, however, pointed out the lack of stand- 
ardized methods for producing blots and stand- 
ardized interpretive criteria. 

Performance of the CDC WCS and FLA ELISA 
in this study that did not include known cross-re- 
active sera suggested that the positive cut-off 
value for these tests was inappropriately low, 
thereby increasing sensitivity at the expense of 

specificity. These results 
then expl ai ned the I arge 
number of borderline 
WCS ELISA results ob- 
tained by CDC when it 
tested the sera of pa- 
tients residing in areas 
where Lyme disease 
was not endemic. This 
group of WCS suspects 
was nearly uniformly 
found to be negative on 
E L I SA by the three 
laboratories with the 
best performance (Table 
1) (23). 


Table 2. Test sensitivity of laboratories demonstrating a test specificity of 98% 


Clinical Manifestations 

Sensitivity. % (oositive samDles/total) 

Laboratory 1 

Laboratory 2 

Laboratory 3 

Erythema migrans, all 

59 (55/94) 

60 (56/94) 

66 (62/94) 

Acute phase 3 

65 (11/17) 

65 (11/17) 

76 (13/17) 

Convalescent phase b 

57 (44/77) 

58 (45/77) 

64 (49/77) 

Carditis 

100 (2/2) 

100 (2/2) 

100 (2/2) 

Lymearthritis c 

89 (58/65) 

95 (62/65) 

92 (60/65) 

Neurologic, all 

85 (28/33) 

88 (29/33) 

91 (30/33) 

Early 

63 (5/8) 

63 (5/8) 

75 (6/8) 

Late 

91 (10/11) 

100 (11/11) 

91 (10/11) 

Late and arthritis 

93 (13/14) 

93 (13/14) 

100 (14/14) 

Total 

74 (143/194) 

77 (149/194) 

79 (154/194) 


a < 30 days from onset of erythema migrans to blood collection. 
b > 30 days from onset of erythema migrans to blood collection. 


c Without neurologic signs or symptoms. 
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Specificity in this study was determined by 
testing specimens from blood bank donors. With 
these samples, specificity in the three laboratories 
that used immunoblotting was very high (98% to 
99.5%). The test panel did not, however, contain 
specimens from patients with conditions known to 
produce cross-reacting anti bodies (e.g., syphilis) or 
polyclonal B-cell activation (e.g., Epstein-Barr vi- 
rus infection or systemic lupus erythematosus). 
Thus, reported sped ficitiesinthisstudyarelikely 
higher than they would have been if cross-reactive 
specimens were included in the evaluation. Sub- 
sequent studies that included cross- reactive sera 
demonstrated that Western blotting correctly 
identifies many false-positive ELISA reactions 
(23, 24). 

This study confirmed in the reference and re- 
search laboratory setting the previously docu- 
mented problems with accuracy and precision of 
serodi agnostic tests by using WCS antigens of B. 
burgdorferi (4-11). The study confirmed that a 
serious disparity existed between the test results 
obtained by CDC and those obtained by academic 
reference centers with the best testing perform- 
ances. These results guided corrective action and 
led to the adoption by CDC and ASTPHLD of a 
two-test approach to serodi agnosis (23), which forms 
the basis for the future national standardization of 
Lyme disease serologic testing methods. 

Robert B. Craven,* Thomas J . Quart,* Raymond E . 
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Emergence of Bartonella quintana Infection among 

Homeless Persons 


Bartonella quintana has episodically emerged 
as a cause of infection among distinct and diverse 
populations during the 20th century. The organ- 
ism was first identified as an important human 
pathogen during World War I when it caused epi- 
demics of louse-bornetrench fever that affected an 
estimated 1 million troops in Europe (1, 2). Trench 
fever was characterized by fever, rash, bone pain, 
and splenomegaly and ranged in severity from a 
mild flulike illness to a more severe, relapsing 
disease. B. quintana infections were rarely recog- 
nized from the end of World War 1 1 until the 1980s 
when the organism reemerged as an opportunistic 
pathogen among HIV-infected persons. In this 
population, B. quintana has been identified as a 
cause of bacillary angiomatosis, endocarditis, and 
bacteremia (3-5) and has been isolated from Al DS 
patients in F ranee (6) and the U nited States (3-5). 

I n the 1990s, B. quintana has emerged among 
homeless persons in North America and Europe. 

I n 1993, the organism was isolated from the blood 
specimens of 10 patients at a single hospital in 
Seattle, Washington, within a 6-month period (7). 
These patients had illnesses characterized by fe- 
ver and persistent bacteremia. Endocarditis devel- 
oped in two patients, one of whom required a heart 
valve replacement. All 10 patients had chronic 
alcoholism, eight were homeless, and the six who 
were tested for H IV infection were H I V-negative. 
These six werethe first cases of invasiveB. quin- 
tana infection among HIV-negative persons re- 
ported in the United States. Results of a 
case-control study i ndicated that the patients with 
Bartonella bacteremia were more likely than con- 
trols (other hospitalized patients from whom blood 
specimens were obtained at approximately the 
same time) to be homeless (p = 0.001), to have a 
history of alcohol abuse (p = 0.001), and to be 
nonwhite (p = 0.007). The isolates from the 10 
patients were identical by polymerase chain reac- 
tion restriction-fragment-length polymorphism 
testing, which further suggests that thecases were 
epidemiological I y linked. Patients' characteristics 
were obtained by retrospective medical record re- 
view, and at the time they sought treatment, three 
patients reported a recent cat scratch, five had 
scabies, and one had lice. More complete 


information, however, on patients' past exposures 
to animals and ectoparasites was not available. 

In 1995, Drancourt and co-workers reported 
three cases of B. quintana endocarditis among 
HIV-negative, homeless, alcoholic men in France 
(8). One of the patients had reported contact with 
a dog, and one had reported contact with dogs and 
cats; however, a current or past history of i nfection 
with I ice or scabies was not documented for any of 
the patients. In 1995, Stein and Raoult also re- 
ported serologic evidence of B. quintana infection 
in an HIV-negative, homeless man from Mar- 
seilles, who had a relapsing febrile illness and a 
history of louse infestation (9). 

As a follow-up to the 1993 B. qui ntana outbreak 
in Seattle in 1994, we conducted aseroprevalence 
study of anti-Bartonella antibodies among pa- 
tients at a community clinic in the "skid row" 
section of Seattle, which serves a primarily home- 
less and indigent population (10). The median age 
of the 192 patients included in the study was 45 
years, 156 (81%) of the 192 were male, and 126 
(66%) were classified as homeless. B. qui ntana I gG 
titers > 64 were detected by an indirect fluores- 
cence antibody assay (11) in 39 (20%) of the 192 
clinic patients. In contrast, only 4 (2%) of 199 
banked blood sped mens from an age-matched and 
sex-matched comparison group of Seattle volun- 
teer blood donors had titers> 64 (p <0.001). Among 
clinic patients, seropositivity (titer > 64) was asso- 
ciated by uni variate analysis with older age, home- 
lessness (relative risk [RR] 2.0; 95% confidence 
interval [Cl ] 1.0-4.1), alcohol abuse (RR, 2.5; 95% 
Cl 1.4-4.2), smoking (RR, 2.0; 95% Cl 1.2 -3.4), and 
injection drug use (RR, 2.5; 95% Cl 1. 3-4.8). By 
multivariate analysis, only alcohol abuse re- 
mained independently associated with seroposi- 
tivity (odds ratio 3.3; 95% Cl 1. 6-6.9), and of 39 
seropositive patients, 21 (54%) had a history of 
chronic alcohol ism. Reliabledata on past exposure 
to ani mals or ectoparasites were also not avai I able 
for patients in this study. 

The study was limited by the well -described 
cross-reactivity of the assay between Bartonella 
species (12, 13), and most (62%) clinic patients 
with B. quintana titers > 64 also had titers > 64 to 
B. henselae It is, therefore, possible that some of 
the seropositive patients may have been exposed 
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to Bartonella species other than B. quintana. 
These findings do, however, show that a surpris- 
ingly high proportion of clinic patients without a 
history of documented Bartonella infection had 
detectable anti-Bartondla antibodies and may 
have been exposed to B. qui ntana. 

Multi pie factors, including those related to dis- 
ease transmission, host susceptibility, and ability 
to detect the organism, have likely contributed to 
the emergence of B. quintana infection among the 
homeless. Transmission of B. quintana from hu- 
man to human by the body louse, Pediculus hu- 
manus, has been experimentally documented (1) 
and is believed to have been the predominant 
mode of transmission of epidemic trench fever in 
World Wars I and II. Lice reside primarily in the 
seams of clothing and are easily killed by immer- 
sion in water 50°C or warmer (14), which explains 
the propensity for louse-borne infections among 
displaced persons or wartime troops. Although 
these reports of B. quintana infection among 
homeless persons lack sufficient information to 
conclusively determine the disease vector, louse- 
borne infection remains a plausible hypothesis. 
Lice, however, have not been associated with bac- 
i 1 1 ary angiomatosis among AIDS patients, 
although exposure to cats (and, therefore, possibly 
to fleas) has been associated with bacillary angio- 
matosis and bacillary peliosis caused by Bar- 
tonella species (15) and with cat-scratch disease 
caused by B. henselae(16).Thus, it is possiblethat 
B. quintana infection is spread among homeless 
persons by as yet unidentified vectors or reser- 
voi rs. 

Homeless persons are also at risk for non-vec- 
torborne infectious diseases. An increased risk for 
tuberculosis in this population is well documented 
(17, 18), and outbreaks of meningococcal disease 
(19, 20), pneumococcal disease (21), and di phtheria 
(22, 23) have been reported. It is likely that factors 
such as crowding, altered immunity duetoalcohol- 
ism or other co-existing health problems, and in- 
adequate or infrequent access to medical care 
affect the transmission and spread of infectious 
diseases among the homeless. Previous studies 
have shown that the clinical response to a stand- 
ard inoculum of B. quintana varies substantially 
in experimental study patients (1); this variation 
indicates that host factors are likely important 
determinants of the risk for clinical infection fol- 
lowing exposure to the organism. 


Although cases of B. quintana bacteremia 
among homeless persons have thus far been 
reported only from France and Seattle, 
Washington, the problem is probably not confined 
to these locations. B. quintana is a fastidious and 
slow-growing bacterium that generally requires 
special culturing techniques for isolation (3-5, 24), 
and many clinical laboratories do not routinely use 
blood culturing methods that are sensitive for 
isolating this organism. Moreover, B. quintana in- 
fection can result in a broad range of often nonspe- 
cific clinical manifestations (1, 3-5); therefore, 
case-patients evaluated for suspected bacteremia 
may represent only a small proportion of infected 
persons, as suggested by the results of the Seattle 
seroprevalence survey. To better define the geo- 
graphicdistribution and prevalence of B. qui ntana 
infection among homeless populations, a height- 
ened awareness for this infection on the part of 
clinicians and the use of appropriate culture tech- 
niques by microbiology laboratories serving this 
population are needed. In addition, more specific 
serologic tests would aid in the diagnosis and 
assessment of the epidemiologic characteristics of 
B. quintana infections. 

The optimal treatment regimen for HlV-nega- 
tive patients with suspected or confirmed B. quin- 
tana infection has not been established. Minimal 
published data exist regarding antimicrobial ther- 
apy for this infection, and in vitro susceptibility 
testi ng has proven unrel i able (25). N onetheless, on 
the basis of limited data, we believe it is reason- 
abletotreat immunocompetent patients who have 
uncomplicated B. quintana bacteremia with at 
least 14 days of oral therapy with erythromycin, 
azithromycin, doxycycline, or tetracycline. In the 
1993 Seattle outbreak, most patients had a satis- 
factory response to treatment with a beta-lactam 
agent followed by either erythromycin or az- 
ithromycin for 14 days (7). Although the number 
of patients identified with B. quintana endocardi- 
tis is small, most of these patients have required 
cardi ac valve repl acement despite i ntravenous an- 
ti microbial therapy (5, 8, 26). Therefore, we recom- 
mend that patients with B. quintana endocarditis 
receive a more prolonged course of at least 4 to 6 
months of antimicrobial therapy and cardiac valve 
replacement if needed. F urther study is needed to 
determine the role of bactericidal agents, such as 
third generation cephalosporins or quinolones, as 
monotherapy or in combination with a bacteriostatic 
agent for treating invasive B. quintana infections. 
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Many aspects of the acquisition and pathogene- 
sis of B. quintana infections, and specifically B. 
quintana infections among the homeless, are not 
well defined. Changes in the organism itself that 
have led to increased virulence may in part ac- 
count for its reemergence; however, microbiologic 
data that can support or refutethis hypothesis are 
lacking (27). The absence of recently identified 
cases in Seattle and in other areas with laborato- 
ries that use culture techniques appropriate for 
isolating Bartonella species suggests an episodic 
pattern of disease, with few or no cases occurring 
during inter epidemic periods. It seems clear, how- 
ever, that this most recent emergence of an old 
disease is related, at least in part, to societal 
factors that have contributed to urban decay and 
theexistence of large homeless populations in our 
cities. As with other emerging infectious diseases, 
further efforts to identify, evaluate, and control B. 
quintana infections among homeless persons are 
challenges that will require the coordinated effort 
of clinicians, microbiologists, and public health 
officials. 

Lisa A. J ackson, M.D., M.P.H.*, and 
David H. Spach, M.D. f 

^School of Public Health and Community Medicine, and 
the t Division of I nfectious Diseases and the Department 
of Medicine, University of Washington, Seattle, 
Washington, USA 
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The Reemergence of Visceral Leishmaniasis in Brazil 


Because of a complex array of factors, an in- 
creasi ng number of new and reemergi ng i nfectious 
diseases are being recognized in both industrial- 
ized and developing countries in the Americas 
(1,2). The expanding population, living in over- 
crowded conditions with inadequate housing and 
sanitary facilities, has been exposed to new dis- 
eases and human pathogens. For example, the 
appearance of the South American arenaviruses 
(J unin, Machupo, and Guanarito) illustrates how 
exploitation of new areas for human settlement 
and agriculture increases the likelihood that new 
infectious diseases will emerge. Cholera, plague, 
Al DS, dengue hemorrhagic fever, and urban/peri- 
urban visceral leishmaniasis are examples of new 
and reemerging diseases in the region. 

In tropical America, zoonotic visceral leishma- 
niasis caused by Leishmania chagasi, an intracel- 
lular protozoon, is a long-lasting infectious disease 
characterized by weight loss, cough, fever, diar- 
rhea, hepatosplenomegaly, and lethargy. Since not 
all symptoms appear simultaneously, and many 
other conditions manifest the same symptoms, the 
diagnosis is not always opportune. This disease is 
different from the anthroponotic form of visceral 
leishmaniasis found in Sudan and India. In the 
New World this disease is more common among 
poor, malnourished children (3) under 15 years of 
age wholivein semi arid regions.The case-fatality 
rate is low if pentavalent antimony therapy is 
introduced promptly (4). Thedisease has also been 
reported in immunodepressed persons, especially 
those with HIV infection. 

The domestic dog is the principal animal reser- 
voir of L. chagasi and, as the constant companion 
of humans throughout the endemic-disease area, 
contributes to the dispersal of diseases during 
human migrations. The protozoon is transmitted 
from one mammalian host to another, including 
humans, primarily by the bite of a sand fly who 
has fed on an infected dog. In the Americas, the 
principal sand fly vector isLutzomyia longi pal pi s 
(5). This 2- to 3-mm long fly has peridomestic and 
intradomiciliary habits (6) and avidly bites hu- 
mans at night, pri mari ly duri ng twi I ight, whi lethe 
host is resting. 

Visceral leishmaniasis is usually diagnosed by 
identifyi ng the parasite i n spl een aspi rates; micro- 
scope examination of bone marrow aspi rates offers 
a satisfactory alternative. Specific antibodies may 


be detected by immune-enzymatic reactions and 
immunofluorescence, but these methods lack 
specificity and are too complex to be carried out in 
the field. TRALd, a recently developed diagnostic 
test, consists of a 60-second dipstick, based on a 
recombinant protein rK39 of a sequence of 298 
amino acids and an improved serologic procedure 
(7). The procedure is undergoing field testing and 
appears to be a promising tool for control pro- 
grams. 

Although visceral leishmaniasis was previously 
known as a rural disease, large outbreaks and 
epidemics of visceral leishmaniasis have been re- 
ported recently in large cities in Brazil because of 
the favorable epidemiologic conditions associated 
with the reduction of the natural ecologic space of 
this zoonosis. Waves of droughts, lack of available 
farm land, and famine have led to a large migra- 
tion of the population, to the peripheral suburbs of 
large cities, creating densely populated settle- 
ments of shanties (favelas) with minimal infra- 
structure and sanitation. Most families that 
migrate are young, less-established farmers of 
peak child-bearing age; children under 15 years of 
age account for a large percentage of the entire 
population. I n these communities, the newly intro- 
duced disease (parasite) encounters a vast number 
of nonimmune hosts who, because of poor living 
conditions, are malnourished; malnutrition is one 
of the prime risk factors for L. chagasi infection 
and visceral leishmaniasis (3). The habit of keep- 
ing domestic animals such as dogs, chickens, and 
horses in the back yard provides an abundance of 
blood meals for sand fly vectors and raises vector 
population densities dramatically. 

Two recent examples of reemerging visceral 
leishmaniasis in Brazil occurred in the cities of 
Teresina (population = 678,000), the capital of 
Piauf State, and SaoLufs (population =918,000), 
the capital of Maranhao State. I n Teresina, which 
has the best-documented records, an epidemic of 
visceral leishmaniasisoccurredfrom 1981 to 1985; 
it was initially limited to rural settings, but later 
spread to peripheral areas of the city (9) (Figure 
1). Spraying with residual insecticide helped bring 
the disease under control duri ng the subsequent 3 
years. Since 1989, visceral leishmaniasis has 
gradual I y reemerged; it reached epidemic levels by 
the end of 1992 and peaked in 1994. 1 n the State 
of Maranhao, the disease reemerged in 1993, 
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Figure 1. Number of cases of visceral leishmaniasis 
from the state of Piaui, Brazil, 1971 to 1994. 

(Figure 2), 10 years after a previous epidemic 
(1982 to 1986). I n both Teresina and Sao Luis, the 
epidemics were preceded by prolonged, severe 
drought. The disease was found predominantly 
among young people who came from rural areas 
and lived in periurban, substandard housing and 
kept domestic ani mals i n thei r back yards. Thetwo 
states accounted for approxi mately 40% to 50% of 
the number of cases reported inthecountry during 
1993 to 1994 (3,000/year). 

Emergency control plans based on rapid diag- 
nosis, complete treatment of human patients, 
spraying of residual insecticide, ultra-low volume 
spraying, elimination of infected (seropositive) 
dogs, and health education were initiated in these 
two cities in J uly 1994 (10). The incidence rate 
dropped markedly from J anuary 1995, as ex- 
pected, since the incubation period of visceral 
leishmaniasis is 4 to 6 months (11, 12). The re- 
maining reported cases include those with longer 
incubation periods, as well as others, because of 
the lack of complete coverage of the control inter- 
ventions and reduced sensitivity of the current 
diagnostic tools. 

Technical expertise and effective mechanisms 
to prevent visceral leishmaniasis epidemics and 
urban transmission exist, but they require social 
and political commitment as well as the allocation 
of funds to provide adequatesanitary and satisfac- 
tory housing conditions to the population at risk. 
Visceral leishmaniasis in the Americas must be 
addressed before it becomes a serious public 
health problem. Even though it is a zoonosis, 
control interventions are available that, when 
properly used, can eliminate urban transmis- 
sion and keep disease incidence in rural areas at 
a very low level. 

J orge R. Arias, Ph.D.,* Pedro S. Monteiro,* and 
Fabio Zicker, M.D., Ph.D.* 

*Pan American Health Organization, Brasilia, Brazil; 
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Figure 2. Number of cases of visceral leishmaniasis 

from the state of Maranhao, Brazil, 1979 to 1994. 

tNational Visceral Leishmaniasis Control Program, 
Ministry of Health, Brasilia, Brazilian American 
Health Organization, Washington, D.C. 

References 

1. Pan American Health Organization/World Health Or- 
ganization. Regional plan for action for combating 
new, emerging, and reemerging infectious diseases. 
Resolution CD38/17, August 1995. Pan American 
Health Organization, Washington, D.C., USA. 

2. World Health Organization. Report of the Second 
WHO Meeting on Emerging Infectious Diseases. 
Document WHO/CDS/BVI/95.2. Geneva, Switzer- 
land: World Health Organization,) anuary 1995. 

3. Cerf BJ , J ones TC, Badaro R, Sampaio D, Carvalho 
EM, Rocha H,TexeiraR,J ohnsonj rWD. Malnutrition 
as a risk factor for severe visceral leishmaniasis. J 

I nfectDis 1987;156:1030-2. 

4. World Health Organization. Control of theleishmani- 
ases: report of a WHO expert committee. Technical 
Report Series 793. Geneva, Switzerland: World Health 
Organization, 1990. 

5. Lainson R, Shaw JJ. Epidemiology and ecology of 
leishmaniasis in Latin America. Nature 1978;273 
(Parasit Suppl):595-600. 

6. Young DG,AriasJ R. Flebotomos:vectoresdeleishma- 
niasisen Las Americas. Pan American Health Organi- 
zation, 1992:CuadernoTecnicoNo. 33. Pan American 
Health Organization, Washington, D.C., USA. 

7. Reed SG, Sheffler WG, BurnsJ r J M, Scott J M, Orge 
MG, Ghalib HW, et al. An improved serodi agnostic 
procedure for visceral leishmaniasis. AmJ TropMed 
Hyg 1990;43:632-9. 

8. Wilson M E. T ravel and emergence of infectious dis- 
eases. Emerging Infectious Diseases 1995;1:39-49. 

9. Costa CHN, Pereira HF, Araujo MV. Epidemia de 
I ei sh ma n i ose vi scera I n o estado do P i au i , B rasi 1 , 1980- 
1986. Rev Saude Publ S Paulo 1990;24:361-72. 

10. Ministerio da Saude. Controle, diagnostico e 
tratamento da leishmaniose visceral (calazar). nor- 
mas tecnicas. Normas Tecnicas. la. edigao, Brasilia, 
Brazil: Fundagao Nacional deSaude, Brasil, 1994. 

11. Manson-Bahr PEC, Southgate BA, Harvey AEC. De- 
velopment of kala-azar in man after inoculation with 
a Leishmania from a Kenya sandfly. Br Med J 
1963;l :1208-10. 

12. Kirk R. Studies in leishmaniasis in Anglo-Egyptian 
Sudan. Trans R SocTrop Med Hyg 1942;35:257-70. 


Emerging Infectious Diseases 


146 


Vol. 2, No. 2 — April-June 1996 




Commentary 


Molecular Epidemiology of 
Pneumocystis carinii Pneumonia 

Pneumocystis carinii pneumonia (PCP) was 
first recognized as a distinct clinical entity in 
orphanages in Europe during World War II (1). 
Today it is the most frequent serious opportunistic 
infection in AIDS patients. Despite advances in 
research, numerous questions remain regarding 
the basic biology and epidemiology of P. carinii. 


Transmission and Patient Care 

Although reactivation of latent infections has 
long been considered the primary explanation for 
PCP in immunosuppressed patients, over the 
years a steady flow of reports has described clus- 
ters of PCP cases (2). In addition, recent studies 
have suggested that the duration of latency is very 
limited, i.e., usually less than 1 year (3,4). Still 
other studies have demonstrated genetic vari- 
ation in PCR-amplified P. carinii DNA from the 
lungs of patients during subsequent PCP episodes 
(5). Together, these observations provide strong 
circumstantial evidence of person-to-person 
transmission of P. carinii. Consequently, estab- 
lishing the role that person-to-person transmis- 
sion plays in the epidemiology of PCP is urgent. 

Another important area of PCP epidemiology is 
determining the predisposing factors for disease. 
Themostfrequentlydiscussed predictor of disease 
isCD4+cell count, specifically as it relates tocare 
and management of Al DS patients (6); however, it 
has long been known that malnutrition can be an 
important contributor (7). The degree to which 
other factors such as viral infections or pneumoni- 
tis of other causes, may come into play, is yet to be 
shown. 

Much can also be learned regarding the 
epidemiology of PCP in HIV-infected infants. Re- 
cent studies report that primary infections in 
these infants often develop when the child is 3 to 
6 months old (8,9). Thesource of these patients' 
P. carinii infections (i.e., the hospital setting, their 
mothers, other children, or an environmental 
source) is not known. 

Clinicians working with AIDS patients need 
a sensitive, reliable, and noninvasive tool for 
early detection and diagnosis of PCP infections 
(10,11). Besides the standard procedures of 
bronchoalveolar lavage (BAL) and induced spu- 
tum (IS) sampling, recent studies indicate that it 


is possible to amplify P. carinii DNA sequences by 
polymerase chain reaction (PCR) directly from 
blood or serum samples and from nasopharyngeal 
aspirates of PCP patients (11,12). F urther studies 
are needed to confirm that a PCR-based diagnostic 
tool superior to microscopy can be adapted for use 
in clinical settings. A serologic tool that will dis- 
tinguish recent PCP infections from those past is 
also needed. 

Prophylaxis failures have been reported for 
both trimethoprim-sulfamethoxazole(TMP-SMX) 
and pentamidine (13-16). Studies evaluating 
these cases, however, are frequently complicated 
by the difficulties in assessing and confirming 
patient compliance with the prophylaxis regimen. 
The only factor that has a significant correlation 
with fai lure i n most cases, however, is the patient's 
CD4+T lymphocyte count (14). Although this cor- 
relation would be expected because of the general 
increased risk for PCP associated with CD4+cell 
depletion (6) and the increase in prophylaxis com- 
plications in HIV-infected patients (17), these 
drugs may not eliminate all organisms, and some 
degree of patient immunity may be required to 
clear or control the infection. What role, if any, 
specificantimicrobial resistance mechanisms play 
in the reported treatment failures has not been 
shown; however, the emergence of resistance is 
always a threat. Likewise, long-term TMP-SMX 
prophylaxis increases the possibility for the selec- 
tion of antimicrobial resistancein bacterial patho- 
gens, some of which are important potential 
causes of pneumonia in H I V-infected patients (18). 
Identifying potential antimicrobial resistance 
mechanisms in P. carinii is difficult because of the 
lack of an established culture system for human 
P. carinii that would allow traditional antimicro- 
bial sensitivity testing. 

At least three separate lines of data suggest 
that P. carinii is a commonly encountered organ- 
ism: the high seroprevalence rates reported in 
normal populations (19), the rapid rate at which 
infants acquire primary infections (8) and AIDS 
patients become reinfected after successful treat- 
ment (20), and the amplification of P. carinii-spe- 
cific DNA from ambient air sampled from the 
environment (e.g., an apple orchard) (21) and from 
rooms of animals and patients with PCP (22). 
Airbornetransmission has been demonstrated for 
PCP in rats (23-26) and is by far the most likely 
mechanism proposed for natural exposure to P. 
carinii in humans (2,22). Given the similarities 
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between P. carinii and various fungal agents and 
the enigma surrounding the issue of environ- 
mental sources for P. cari ni i , it has been suggested 
that P. carinii may in fact be a dimorphic fungus, 
ubiquitous in the environment and disseminated 
by airborne spores (27). Identifying the specific 
environmental source or sources of P. carinii is 
cri ti cal to understand! ng the epi demi ol ogy of P C P 
and establishing guidelines for preventing its 
transmission. 

It is generally accepted that P. carinii strains 
from rats do not infect humans and that human 
strai ns do not i nfect rats; however, we do not know 
the host boundaries for a given P. carinii strain or 
if all isolates from a given host display the same 
degree of host restrictions (28,29). I n fact, a careful 
evaluation of the available data concerning P. 
carinii of numerous hosts suggests that P. carinii 
may represent a collection of diverse fungal spe- 
cies (30). Like drug resistance research, studies 
aimed at strain/species characterization are gen- 
erally hindered by the difficulties in culturing 
human P. carinii and the lack of refined molecular 
biological methods that allow strain identification 
and characterization. 


Molecular Biologic Techniques and Specific 
Epidemiologic Issues 

Oneof theessential reasonsfor cultivating any 
particular pathogen isfor strain identification and 
characterization that would elucidate such spe- 
cific phenotypic characteristics as virulence fac- 
tors, antimicrobial sensitivity levels, and factors 
associated with transmissibi I ity. The isolation and 
cultivation of individual strains, and ultimately of 
clones, would provide a homogeneous population 
of organisms from which the desired information 
can be obtained and a pure source of genetic ma- 
terial for constructing DNA libraries and identify- 
ing relevant genes. 

I n theabsenceof cultivation, investigators have 
been able to begin addressing some of the basic 
epidemiological I y important issues by applying 
PCR-based technology. I n these studies, the DNA 
sequence of specific genetic loci from P. carinii is 
usually amplified from BAL, I S, or serum samples 
from PCP patients, using highly specific oligonu- 
cleotide primers. Inherent problems exist in this 
approach (which are discussed below); however, 
the approach has allowed the identification of 
genotypic differences in P. carinii populations 


sampled from the lungs of different patients and 
even from the lungs of the same patient during 
different PCP episodes. Great potential exists in 
appl yi ng thi s technol ogy to devel op mol ecu I ar pro- 
files of P. carinii isolates that could ultimately 
allow the particular genotypes to be linked to 
specific epidemiological ly relevant phenotypes. 

Molecular Typing 

Five to ten different genetic loci have been 
identified as potentially informative for molecular 
characterization and typing (30-33). Concerning 
the typing that has actually been performed on 
human samples, the primary loci evaluated in- 
clude: 1) a 346-bp region of the mitochondrial large 
subunit rRNA gene (mt IsrRNA) (10) and 2) a 
550-bp fragment contai ni ng the nuclear ri bosomal 
internal transcribed spacer regions 1 and 2 (ITS1 
and ITS2) (34). When these loci are considered 
collectively, nucleotide variation can be detected at 
approximately 37 different positions. Work is in 
progress in several laboratories, both to type pa- 
tient isolates accordingtotheavailableloci and to 
identify additional genetic loci to morethoroughly 
define a given genotype. 

The primary obstacles to the development of a 
molecular typing scheme based on PCR-amplified 
DNA sequence data obtained from PCP patients 
include the following: 1) multiple strains may in- 
fect a single patient at a given time; 2) a diploid 
organism of a single strain may be heterozygous 
with respect to a particular polymorphic locus; 3) 
presumed single genes could have multiplecopies 
in a single genome, which could give the appear- 
ance of genetic polymorphism; 4) amplified DNA 
sequence data might be confounded because of 
other fungal agents such as Cryptococcus or Can- 
dida; and 5) inferences that can be drawn from 
restricted sequence data (i.e., gene typing versus 
strain typing) are limited. Although these prob- 
lems are not insurmountable, they must be con- 
sidered when evaluating data obtained by this 
approach. We propose the foil owing recommenda- 
tions. 

Recommendations 

Molecular Epidemiology 

1. Recent advances in molecular- based typing 
should be combined with epidemiologic studies to 
investigate the transmission of P. carinii and new 
strategies for control. 
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2. Additional genomic regions must be identi- 
fied for use in typing, along with the genetic loci 
that are available. These new loci must be shown 
to represent single-copy genes. Also, new molecu- 
lar approaches should be developed that will in- 
crease the current capacity to resolve genotypic 
variation among P. carinii strains. 

3. Genetic variation should be investigated 
among P. carinii strains that could be linked to 
variations in factors such as strain virulence, drug 
resistance, or transmissibility. 

4. The critical issue regarding person-to-person 
transmission is not so much whether it occurs, as 
whether it contributes to infection significantly 
more than airborne sources in the environment. 
Thus, it must be determined whether there is any 
benefit to establishing complex protocols that en- 
sure that patients are carefully protected from 
each other if they can become i nfected from other 
sources in the environment. Consequently, the 
importance of person-to-person transmission in 
the epidemiology of P CP should be defined. 

5. The role of latent P. carinii infection as a 
source of PCP in immunocompromised persons 
should be clarified. 


Diagnosis, Treatment, and Prevention 

1. New tools for noninvasive early diagnosis of 
PCP, including culture systems, molecular ap- 
proaches, and serologic tests that can distinguish 
recent and past PCP infections are needed. 

2. In the United States, clinician compliance 
with recently published U.S. Public Health Serv- 
ice/I nfectious Diseases Society of America guide- 
lines on the treatment and prophylaxis of PCP 
should be evaluated. 

3. Studies should be initiated to develop addi- 
tional drugs for PCP treatment and prophylaxis. 

4. New approaches for improving patient com- 
pliance with prescribed PCP prophylaxis must be 
devised and evaluated. 

5. M ethods for detecti ng the possi ble emergence 
of drug resistance to P. carinii should be stand- 
ardized. 

6. Standard decontamination procedures for 
respiratory therapy equipment and pulmonary 
diagnostic instruments should be evaluated to 
confirm that they effectively eliminate all viable 
P. carinii. 


Environmental Reservoirs and General Biology 

1. Environmental sources and the coinciding 
infective stage(s) of P. carinii should be detected 
and evaluated. 

2. The host range of P. carinii from various 
sources (i.e.,towhat degree are humans suscepti- 
ble to P. carinii from nonhuman sources?) should 
be deter mined. 
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Needed: Comprehensive Response to 
the Spread of Infectious Diseases 

I n his article"Globalization, I nternational Law, 
and Emerging Infectious Diseases,” F idler recog- 
nizes that biological agents travel by themselves 
or with their hosts without any recognition of, or 
regard for, political borders. He notes that with the 
continued expansion of economic commerce across 
continents and more rapid transport and travel, 
persons infected with infectious diseases of very 
short incubation periods can act as vectors across 
several nations before they even become sympto- 
matic. The protective effect of clipper ship travel 
is long gone. 

Fidler examines the need for international 
treaties, agreements, and policies to manage the 
spread of new or reemerging infections diseases. 
His concern is that the current international cli- 
mate requires more enforceable treaties with ade- 
quate resources to identify, track, interfere with, 
and contain the spread of infectious diseases per- 
ceived as an international or global threat. 

International cooperation within the existing 
legislative mechanisms has, on occasion, been 
very successful. International eradication of 
smallpox was successful because a specific, cost- 
effective, efficient vaccine was developed; the dis- 
ease attacked persons regardless of their 
economic, politi cal, racial, religious, or socialaffili- 
ations; the amount of funding was adequate; and 
all nations recognized the benefits of the eradica- 
tion program. A similar effort currently in pro- 
gress to eradicate poliomyelitis will also be 
successful because of international cooperation. 


I n contrast, international control of other infec- 
tious diseases, such as malaria and tuberculosis, 
has been attempted for decades with considerably 
less success. Notwithstanding the lack of effica- 
cious vacci nes, the real ity is that only very I i mited 
resources are being committed to prevent and 
treat all infectious diseases. Outbreaks of Ebola 
virus infection and plague are routinely reported 
in the local, national, and international press. 
However, the continued increased incidence and 
prevalence of tuberculosis, Al DS, and other sexu- 
ally transmitted diseases are accepted by many as 
problems of the poor, the i mmoral , and the expend- 
able portion of society. Local, national, and inter- 
national awareness and continued interest are 
significant problems. 

International cooperation must extend beyond 
merely restricting the natural spread of specific 
diseases. One also has to recognize the need for 
effective international treaties to prevent the use 
of biological agents in either tactical or strategic 
circumstances. Fear of combatants using biologi- 
cal agents on military and civilian targets inten- 
sified during and since the Gulf War. The 
possibility of biological terrorism is no longer lim- 
ited to the imagination of fiction writers. Fidler 
does not stress the issue of nonnatural outbreaks 
of diseases; a global need for an improved non-ad 
hoc response to emerging infectious disease 
agents should be completely considered by civilian 
and military planners. The threat of infectious 
diseases as weapons provides an additional incen- 
tive for cooperation among governments. 

Harold M. Ginzburg, M.D.,J ,D„ M.P.H. 

Department of Psychiatry and Neurology 
Tulane University Medical Center 
New Orleans, Louisiana, USA 
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Transfusion-Associated Malaria 

To the Editor: A recent article by Zucker (1) 
described two cases of malaria that were probably 
transfusion associated. A case of transfusion- 
associated malaria in which the source was iden- 
tified was reported in San Francisco in 1991. The 
case was in an elderly man in whom malaria 
i nfection developed after coronary bypass surgery. 

The patient was born in China and immigrated 
to the United States in 1940. His only travel 
outsidethe United States was a trip to Hong Kong 
i n 1951 for 6 months. The patient's wife was born 
in China and had malaria in 1941 during World 
War 1 1 . She received no treatment at that time or 
at any other time. She came to the United States 
in 1960 and has not left the country since. 

The patient had six donors, five of whom had no 
history of malaria, and had negative serologic test 
results for all four malaria species. Both the pa- 
tient and his wife had blood smears positive for 
P. malariae The patient's wife had positive sero- 
logictest results for P. vivaxand P. ovale(l:64), for 
P. falci parum (1:258), and for P. malariae(l:1024). 

Frances Taylor, M.D., M.P.H. 

Director of Communicable Disease Control, City and 
County of San Francisco, Department of Public Health, 
Bureau of Epidemiology, Disease Control, and Al DS, San 
Francisco, California, USA 
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Reply to F. Taylor: Dr. Taylor's letter calls 
attention to the small but important number of 
induced malaria cases that occur in the United 
States. F rom 1957 to 1994, 101 such cases were 
reported to the Centers for Disease Control and 
Prevention (CDC); these (including the 1990 case 
described by Dr.Taylor [1]) arereviewed annually 
and reported by CDC (2). The occasional occur- 
rence of induced malaria further emphasizes the 
importance of including malaria in thedifferential 
diagnosis of fevers of unknown origin, even in 
patients who have not traveled to countries where 
malaria is endemic. Preventing induced malaria 
requires screening potential blood, tissue, and or- 
gan donors and deferring those with a history of 
malaria or travel to malarious areas. Further- 
more, timely surveillance must be maintained to 


detect induced cases promptly, identify infected 
blood donors, and prevent additional cases. 

The case described by Dr. Taylor was not in- 
cluded in "Changing patterns of autochthonous 
malaria transmission in the United States: a re- 
view of recent outbreaks" (3) because it was a case 
of induced rather than autochthonous malaria. 
Each reported malaria case is classified according 
to standardized terminology (4). I mported malaria 
(which accounts for most cases in this country) is 
acquired outsidethe United States and its territo- 
ries. Malaria acquired within the United States is 
rare and occurs by one of three mechanisms: 
Autochthonous malaria is acquired through the 
bite of an infective mosquito. Congenital malaria 
is acquired when a child is infected in utero. In- 
duced malaria is transmitted by mechanical 
means such as transfusion of blood or blood prod- 
ucts, organ transplant, deliberate infection for 
malariotherapy, or contaminated needles or injec- 
tion equipment. Congenital and induced cases 
were not included in this review. 

When an investigation fails to identify the 
source of transmission and a case cannot be 
epidemiological I y linked to another case of ma- 
laria, the case is classified as cryptic. Most cryptic 
cases are believed to be autochthonous, and there 
is often evidence to suggest mosquito-bornetrans- 
mission, even when the source of infection re- 
mains unidentified. For this reason, most cryptic 
cases were included in this review of 
autochthonous malaria. The two exceptions noted 
in thearticlewereexcluded because both patients 
had recent histories of blood transfusion, suggest- 
ing that their infections were induced. 

J ane R. Zucker, M.D., M.Sc., and 
S. Patrick Kachur, M.D., M.P.H. 

Centers for Disease Control and Prevention, Atlanta, 
Georgia, USA 
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An Outbreak of Hemolytic Uremic 
Syndrome due to Escherichia coli 
0157:H-: Or Was It? 

To the Editor: Since the first reported out- 
breaks of hemolytic uremic syndrome (HUS) and 
related conditions more than 10 years ago (1), 
outbreaks of HUS due to Escherichia coli 0157 
have been reported from many parts of the world, 
particularly North America and Europe. While 
most of these reports have i ncri mi nated the moti le 
strai ns of serotype 0 157 : H 7, non mot i I e serotypes 
(e.g., 0157:H-) have also been associated with 
HUS; these two serotypes are most commonly 
associated with both outbreaks and sporadiccases 
of HUS and related conditions. Over the last dec- 
ade, a number of techniques for the rapid identifi- 
cation of these organisms have been developed. Of 
these, the use of sorbitol-MacConkey agar (2) has 
perhaps been the most valuable. This technique is 
based on the fact that these organisms rarely 
ferment sorbitol on primary isolation, while most 
other E. coli usually ferment this substrate. We 
believe that outbreaks due to other enterohemor- 
rhagic E. coli may have been attributed to sero- 
group 0157 because of the limited technology used 
in investigating these outbreaks. 

No outbreaks of HUS due to serogroup 0157 
have occurred in Australia despite sporadic cases 
of HUS caused by such strains. Other serogroups 
(particularly serotype O 111: H-) have been associ- 
ated with most cases of HUS and related condi- 
tions in Australia (3). No outbreak of HUS had 
been reported in Australia until J anuary 1995, 
when an outbreak associated with the consump- 
tion of contaminated mettwurst (fermented sau- 
sage) was reported from South Australia (4). 
Twenty-three children with HUS were hospital- 
ized. Most required hemodialysis; one died. Vero- 
cytotoxigenic strains of E. coli 0111 producing 
Shiga-like toxin (SLT) I and II were isolated from 
19 patients and from samples of mettwurst. In 
addition, strains of E . coli 0157:H- that produced 
SLT-I and SLT-I I were isolated from three of the 
patients and the mettwurst. These strai ns did not 
ferment sorbitol on the sorbitol-M acConkey agar, 
which facilitated their isolation. The predominant 
0111 strains were sorbitol -positive, unlike the 
0111 strains, recently described as being sorbitol- 
negati ve (5). Symptoms of the patients from whom 
the 0157:H- strains were isolated, in addition to 
E. coli 0111:H-, were not significantly different 
from those of the patients whose specimens 
yielded only E . col i 0111:H -. I n addition to 0111 
(and 0157), other serotypes of enterohemorrhagic 


E. coli, including strains of serogroup 023, 026, 
and 091, were isolated from the patients. How- 
ever, antibodies to 0111 were detected in nearly 
all patients, which indicates the serogrou p's lead- 
ing rolein theoutbreak. The isolation of serogroup 
0157 is comparatively easy; therefore, it is less 
likely that these strains would have been missed, 
than it is that 0111 and other serotypes would 
have been. Even though a negative finding can 
never be considered conclusive, we consider the 
inability to isolate serogroup 0157 more conclu- 
sive than the same result for other serotypes. It 
has frequently been suggested that the 0157 se- 
rogroup is cleared from the patient relatively rap- 
idly, which makes its isolation difficult or 
impossible. We found a similar situation with 
other enterohemorrhagic E. coli serotypes. The 
fact that most patients elicited an 0111 antibody 
response (and no anti-0157) almost certainly 
proves this serotype's causal role in this outbreak. 

The laboratory in South Australia was particu- 
larly well disposed to deal with such an outbreak 
because some of its ongoing research programs 
included studies on aspects of enterohemorrhagic 
E. coli and related organisms. The most sophisti- 
cated molecular biologic techniques were immedi- 
ately available to investigate the outbreak 
accurately and confirm epidemiologic leads re- 
garding a common source. Polymerase chain reac- 
tion (PCR) played a major role not only in 
identifying SLT-I, SLT-I I, and SLT-I and SLT-I I 
producing bacteria in the stool of patients, but also 
in identifying the suspected source (mettwurst). 
In addition, PCR, utilizing sequences specific for 
the 0111 serogroup, enabled this serogroup to be 
rapidly identified in patients' feces samples and 
suspected source material. Without this technol- 
ogy, the outbreak would not have been contained 
so rapidly. On the other hand, if the laboratory had 
to rely on conventional microbiologic culture pro- 
cedures, including sorbitol-MacConkey agar, 
strains of serogroup 0157 would have been iden- 
tified from three patients, as well as from the 
epidemiologically incriminated mettwurst. The 
laboratory would not have found the 0111 strains 
because they all fermented sorbitol readily and 
would have been discarded as normal flora as 
would the other enterohemorrhagic E. coli sero- 
types. The outbreak would have been reported as 
another 0157 outbreak, from which only about 
15% of the patients yielded the incriminating 
strains. This outbreak could be recognized as one 
caused by a number of different enterohemor- 
rhagic E. coli serotypes, of which serotypes 
0111:H- and 0157:H- were the most prominent. 
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Other serotypes, however, such as 023, 026, and 
091, were also present. With the widespread na- 
ture of verocytotoxi genic strain of different sero- 
types as has been reported from many 
environmental studies, it is not surprising that a 
product, such as mettwurst, which is made from 
meats from various sources, would contain a 
number of these potential pathogens. 

A large number of E. coli serotypes can be 
verocytotoxi genic and, in a few cases, outbreaks 
due to such strains have been reported. Most no- 
table have been reports from Italy of outbreaks 
due to enterohemorrhagic E. coli 0111 (6); how- 
ever, the impression is that these are theexception 
and that the most prominent serotype is 0157:H 7. 
Some of the reported outbreaks due to 0157 
strains may in fact have been due to other sero- 
types and the 0157 strains were only present in 
comparatively small numbers; however, because 
of the ease with which these strains can be iden- 
tified using sorbitol-MacConkey agar, they were 
believed responsible for the outbreaks. For exam- 
ple, in Argentina, E. coli 0157:H7 was found in 
only one (2%) of 51 children with HUS (7) and in 
the Netherlands, only 5 (19%) of 26 HUS patients 
yielded E .coli 0157:H7 (8). I n a 10-year, retrospec- 
tive, population-based study of H U S, this serotype 
was isolated in 13 (46%) of 28 patients (9), and in 
their review, Su and Brandt (10) put an overall 
figure of 46% to 58% as the incidence range of E . 
coli 0157:H7 infection in cases of HUS. Finding 
SLT sequences in a fecal specimen by PCR, or free 
fecal toxins in many patients of an outbreak while 
isolating strains of 0157 from only a few, does not 
exclude the presence of other serotypes, but cul- 
ture methods now available would rarely pick 
these up. Thus there is ample room to speculate 
that approximately half the cases of HUS may be 
caused by serogroups other than 0157 and, by 
inference, at least half the outbreaks may be 
wrongly attri buted to this serogroup. We recognize 
that enterohemorrhagic E . col i 0157 have become 
extraordinarily widespread throughout the world 
si nee their first description (1); this does not mean 
that other serotypes are not also causing infec- 
tions, either alone, in conjunction with 0157, or 
even with other known or unknown enteric infec- 
tions. It is important to be aware of the existence 
of these other serotypes and be vigilant for them. 
The isolation and characterization of strains of 
serogroup 0157 from patients with HUS is cer- 
tainly noteworthy, but so is the finding of 0111 or 
any other serogroup. Serogroup 0111 has amply 
demonstrated the ability to cause extensive 
outbreaks (6). Even though many laboratories are 


becoming aware of the importance of testing for 
serogroup 0157: H 7, we think that testing for this 
serotype only is a disservice; simple culture tech- 
niques can identify this serogroup, but always at 
the risk of missing other serogroups. The develop- 
ment of simple methods to detect all enterohem- 
orrhagic E . coli is now required. 

P.N. Goldwater, F.R.A.C.P., F.R.C.P.A.*, and 
K.A. Bettelheim, Ph.D.t 

^Women's and Children's Hospital, Adelaide, South 
Australia; tBiomedical Reference Laboratory, Victorian 
Infectious Diseases Reference Laboratory, Fairfield 
Hospital, Victoria, Australia 
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The Dilemma of Xenotransplantation 

Tothe Editor: I read with considerable inter- 
est Robert E . M ichler's commentary on xenotrans- 
plantation (1). 

From my point of view, that of a basic vi rologist, 
the dilemma is not to know in what "foreseeable 
future, clinical xenotransplantation may achieve 
its targeted goal of extended graft survival,” but 
what deadly emerging infectious disease, most 
probably viral in nature, would arise in a recipient 
of a baboon or chimpanzee heart. While we face 
the terrific threat of Al DS, which clearly emerged 
from Africa and non-human primates 40 to 50 
years ago, we are preparing a new infectious 
"Chernobyl." 

Monkeys and apes harbor approximately 50 
si mi an vi ruses; some of them pose a serious threat 
to humans, especially the heavily immunosup- 
pressed. Recently, an outbreak of encephalitis re- 
lated to a new type of reovirus (2) occurred among 
baboons from a colony used in human organ trans- 
plants. Moreover, once unknown or unrecognized 
simian viruses, I ike HI V, may be efficient invaders 
of the entire earth's population. 

Xenotransplantation does not simply pose an 
ethical problem; it concerns the survival of the 
human species, an endangered species if trans- 
plant practitioners continue their course. Ronald 
Montalero, a virologist, was right when he said 
"unknown viruses were always a major concern in 
xenotransplants" (2). A moratorium on these pro- 
cedures seems the best solution until all simian 
pathogens are identified and the risks they pose 
to humans are clearly established. 

Claude E. Chastel 

Virus Laboratory, Faculty of Medicine, 

29285 Brest Cedex, France 
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The Thucydides Syndrome: Ebola 
Deja Vu? (or Ebola Reemergent?) 

To the Editor: The plague of Athens (430- 
427/425 b.c.) persists as one of the great medical 
mysteries of antiquity (1-5). Sometimes termed 
"the Thucydides syndrome" for the evocative nar- 
rative provided by that contemporary observer (6, 
7), the plague of Athens has been the subject of 
conjecture for centuries. I n an unprecedented, dev- 
astating 3-year appearance, the disease marked 
the end of the Age of Pericles in Athens and, as 
much as the war with Sparta, it may have has- 
tened the end of the Golden Age of Greece (3). 
Understood by Thucydides to have its origin "in 
Ethiopia beyond Egypt, it next descended into 
Egypt and Libya" and then "suddenly fell upon" 
Athens' walled port Piraeus and then the city 
itself; there it ravaged thedensely packed warti me 
populace of citizens, allies, and refugees. Thucy- 
dides, himself a surviving victim, notes that the 
year had been "especially free of disease" and 
describes the following major findings: After its 
"abrupt onset, persons in good health were seized 
fi rst with strong fevers, redness and burni ng of the 
eyes, and the inside of the mouth, both the throat 
and tongue, immediately was bloody-looking and 
expelled an unusuallyfoul breath. Followingthese 
came sneezing, hoarseness ... a powerful cough . . . 
and every kind of bilious vomiting . . . and in most 
cases an empty heaving ensued that produced a 
strong spasm that ended quickly or lasted quite a 
while."The flesh, although neither especially hot 
nor pale, was "reddish, livid, and budding out in 
small blisters and ulcers." Subject to unquench- 
able thirst, victims suffered such high tempera- 
tures as to reject even the lightest coverings. Most 
perished "on the ninth or seventh day . . . with 
some strength sti 1 1 left or many I ater died of weak- 
ness once the sickness passed down into the bow- 
els, where the ulceration became violent and 
extreme diarrhea simultaneously I aid hold (2.49)." 
Those who survived became immune, but those 
who vainly attended or even visited the sick fell 
victim (2.51). 

By comparison, a modern case definition of 
Ebola virus infection notes sudden onset, fever, 
headache, and pharyngitis, followed by cough, 
vomiting, diarrhea, maculopapular rash, and 
hemorrhagic diathesis, with a case-fatality rate of 
50% to 90%, death typically occurring in the sec- 
ond week of the disease. Disease among health- 
care providers and care givers has been a 
prominent feature (8, 9). I n a review of the 1995 
Ebola outbreak in Zaire, the Centers for Disease 
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Control and Prevention reports that the most fre- 
quent initial symptoms were fever (94%), diarrhea 
(80%), and severe weakness (74%), with dysphagia 
and clinical signs of bleeding also frequently pre- 
sent. Symptomatic hiccups was also reported in 
15% of patients (10). 

During the plague of Athens, Thucydides may 
have made the same unusual clinical observation. 
The phrase lugx kene, which we have translated 
as "empty heaving," lacks an exact parallel in the 
ancient Greek corpus (5). Alone, lugx, means 
either "hiccups" or "retching" and is infrequently 
used, even by the medical writers. Although con- 
texts usually dictate "retching," we note 
unambiguous "hiccups" in Plato's Symposium 
(185C). I n histhorough commentary on theThucy- 
dides passage, the classicist D. L. Page remarks: 
"Hiccoughs is misleading, unless it is enlarged to 
include retching." Regarding "empty, unproduc- 
tive retching [he] has noted no exact parallel . . . 
in the [writings of the] doctors, but . . . tenesmus 
comes very close to it" (5). A CD-ROM search of 
Mandell, Bennett, and Dolin discloses no refer- 
ence to either "hiccups" or "singultus" in the de- 
scription of any disease entity (6). 

The profile of the ancient disease is remarkably 
similar to that of the recent outbreaks in Sudan 
and Zaire and offers another solution to Thucy- 
dides' ancient puzzle. A Niloticsourcefor a patho- 
gen in the Piraeus, the busy maritime hub of the 
Delian League (Athens' de facto Aegean empire), 
is clearly plausible. PCR examination of contem- 
poraneous skeletal and archaeozoological remains 


might test this hypothesis against the 29 or more 
prior theories. 

*P. E . Olson, M.D., *C. S. Hames, M.D., tA. S. 
Benenson, M.D., and tE . N. Genovese, Ph.D. 

U. S. Navy Balboa Hospital, San Diego, California, USA; 
tSan Diego State University, San Diego, California, USA 
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BSE Meeting atCDC 

The recent report of a new variant of 
Creutzfeldt-J akob disease (V-CJ D) in Great Brit- 
ain and the possible I ink between the disease and 
bovine spongiform encephalopathy (BSE) has 
raised a number of health and safety concerns 
(1,2). On April 8, 1996, CDC organized a meeting 
of U ,S. agency representatives to review informa- 
tion about the report of U.K. cases and about 
efforts to identify the existence of BSE and V-CJ D 
in the United States. The meeting covered the 
scientific evidence for the report of V-CJ D; recom- 
mendations from a meeting of international ex- 
perts organized bytheWorld Health Organization 
on April 2-3; and the current and proposed activi- 
ties of U.S. agencies with regard to BSE and 
V-CJ D. 

Among the observations made during the meet- 
ing were the foil owing: 

• There is no evidence from U.S. surveillance 
activities or from scientific studies to indicate 
that BSE exists in the United States. 

• Activesurveillancefor BSE is conducted by the 
U.S. Department of Agriculture (USDA). All 
cattle presented for slaughter in the United 
States areobserved for signs of central nervous 
system (CNS) disorders. Livestock showing 
CNS signs are condemned and not allowed to 
enter the slaughter plant or to become part of 
the human food supply. Since 1990, laboratory 
testing of nearly 2,800 brain specimens from 
cattlewith CNS signs has shown noevidence of 
BSE. 

• NoU .K. cattleor ruminant-based feed has been 
imported into the United States since July 
1989, when USDA banned the importation of 
cattle and cattle products from the United 
Kingdom. U.K. cattle imported before the ban 
will be destroyed as a precaution to ensure that 
these animals do not enter the food chain (hu- 
man or animal). 

• The Food and Drug Administration plans to 
issuea ban on ruminant-to-ruminant feeding in 
the U nited States. 

• Additional research is needed on the charac- 
terization of the causative agent of BSE and on 
the epidemiology, rapid laboratory diagnosis, 
and pathogenesis of BSE and CJ D. 

• The Centers for Disease Control and Preven- 
tion (CDC) monitors the occurrence of CJ D in 
the United States through surveillance and 
special epidemiologic studies (3). On the basis 


of mortal i ty su rvei 1 1 ance from 1979 to 1993, the 
annual incidence of CJ D remained stable at 
approximately one case per million persons. I n 
theUnited Kingdom, five of eight patients who 
died of V-CJ D since May 1995 were younger 
than 30 years of age; by comparison, in the 
United States, CJ D deaths among persons 
younger than 30 years are extremely rare 
(fewer t ha n 5 per bi 1 1 i on per yea r ) . C D C 's efforts 
will be expanded to include active surveillance 
studies at four Emerging Infections Program 
sites (Connecticut, M innesota, Oregon, and the 
San Francisco area) and in Atlanta to provide 
more up-to-date information on the occurrence 
of CJ D and to verify the absence or presence of 
V-CJ D. 

Future cooperative efforts among U.S. agen- 
cies, industry, and other interested parties in re- 
sponse to the report of V-CJ D are planned. The 
report of the April 8 meeting at CDC can be 
accessed on the CDC NCI D Web site (connect to 
http://www.cdc. gov/ncidod/ncid.htm; the report is 
under New, Reemerging, and Drug-Resistant In- 
fections). 
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CDC Foundation Supports Emerging 
Infectious Disease Projects 

The National Foundation for the Centers for 
Disease Control and Prevention, Inc. (NFCDC), a 
not-for-profit corporation established by Congress 
to support CDC's mission, announced in August 
1995 that one of its initial funding efforts would 
be in the area of antibiotic-resistant diseases. 

Also in the area of infectious diseases, NFCDC 
has recently received a gift from a Pennsylvania 
foundation to establish fellowships for two repre- 
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sentatives from nongovernmental organizations 
to spend 1 month at CDC learning about the 
agency's Al DS/HI V support services and activities 
and advising CDC on the type of support nongov- 
ernmental agencies need in this area. 

The foundation creates new and enhanced fi- 
nancial and program partnerships between CDC 
and American and international businesses and 
industries, philanthropic organizations, foreign 
governments, international organizations, and 
concerned individuals. An initial grant of $1 mil- 
lion from the Robert W. Woodruff Foundation was 
awarded to help establish NFCDC in Atlanta. 

The NFCDC board of directors plans to first 
fund projects that reflect the foil owing themes: 1) 
strengthening global health capacity; 2) promot- 
ing healthy lifestyle choices with initial emphasis 
on adolescent health; 3) improvingthequality and 
communication of public health information, with 
initial emphasis on development of information 
technology and networks; and 4) promoting 


prevention in health care delivery systems, in 
particular, managed-care systems. 

According to foundation executive director 
Charlie Stokes, tax-deductible gifts to NFCDC 
represent an investment in CDC's efforts to ad- 
dress current or emerging health problems that 
threaten U.S. citizens and citizens of the world. 
Gifts may be designated for a specific purpose or 
be given without restriction to be used for CDC's 
greatest needs. Federal employees can makegifts 
to the foundation through the annual Combined 
Federal Campaign. 

For further information about NFCDC, contact 

Charlie Stokes, Executive Director 

NFCDC 

The Flurt Building 
50 Hurt Plaza, Suite 765 
Atlanta. GA 30305 

phone: 404-653-0790; fax: 404-653-0330 
e-mail: seg4@nfcdc.em.cdc.gov 
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